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SOME  WATS  OF  TEACHING  PUPILS  PRACTICAL  HYGIENE. 

By  E.  L.  Moseley, 
Sandusky,  O. 

Nothing  in  the  world  is  worth  more  than  good  health.  The 
preservation  of  good  health  is  possible  only  by  right  living.  How 
to  live  in  the  right  way  is  the  most  important  thing  for  a  child 
to  learn.  Many  things  he  learns  by  experience,  e.  g.,  that  he 
should  not  touch  anything  very  hot,  should  not  cut  his  skin,  or 
put  anything  hard  in  his  nose  or  eyes.  Many  things  he  learns  by 
noticing  the  behavior  of  other  persons  and  many  from  what  he 
is  told  at  home.  The  knowledge  gained  from  experience,  ex- 
ample, and  home  training  is  a  very  important  part  of  his  edu- 
cation, and  for  the  child  whose  environment  is  exceptionally  fav- 
orable, it  would  suffice  for  the  maintenance  of  good  health 
without  any  instruction  at  school  pertaining  to  his  body. 

But  more  than  95  per  cent  of  our  pupils  come  from  homes 
where,  for  one  reason  or  another,  they  fail  to  learn  some  things 
pertaining  to  their  bodily  welfare  which  every  person  ought  to 
know.  If  they  do  not  obtain  this  knowledge  in  school  they  may 
die  prematurely,  or  they  may  suffer  from  disease  or  from  minor 
ailments  which  might  have  been  avoided.  In  several  ways  the 
school  can  supplement  the  hygienic  instruction  which  the  child 
receives  from  other  sources. 

In  the  lower  grades  the  teacher  can  see  that  the  child  goes 
outside  at  recess,  can  encourage  him  or  her,  if  need  be,  to  take 
an  active  part  in  play  or  other  exercise,  instead  of  encouraging 
him  to  study  when  the  rest  are  at  play.  Each  child  should  test 
or  see  someone  test  by  means  of  a  bit  of  cotton  or  tissue  paper 
the  ingress  and  egress  of  air  in  the  room  and  be  made  to  realize 
that  air,  though  invisible,  is  as  essential  to  life  as  is  food.  He 
should  avoid  a  stooping  posture  when  standing  or  sitting  and 
know  why.  He  should  not  face  a  light  when  reading  or  writing. 
If  he  needs  glasses,  he  and  his  parents  ought  to  know  it.  Com- 
monly they  do  not.  If  his  teeth  need  attention,  they  ought  to 
know  it.  These  and  many  other  things  pertaining  to  his  bodily 
welfare  the  child  should  learn  in  the  lower  grades. 
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Somewhere  in  the  grades  or  the  high  school,  if  not  in  both, 
there  should  be  a  course  required  for  all  students  in  anatomy, 
physiology,  and  hygiene.  I  cannot  understand  how  any  sensible 
educator  can  permit  this  course  to  be  crowded  out  by  other  things. 
It  is  more  important  than  algebra  or  Latin,  or  English  grammar. 
The  Chinese  with  few  exceptions  are  ignorant  of  physiology, 
as  they  are  of  other  sciences,  and  yet  they  live.  The  same  was 
true  of  our  ancestors.  But  in  this  enlightened  country,  in  the 
twentieth  century,  are  we  to  send  out  after  twelve  years  in  school, 
pupils  who  know  nothing  of  the  structure  and  function  of  their 
own  ears  and  eyes  except  that  without  them  they  could  not  hear 
or  see? 

In  a  town  in  Africa  I  interviewed  schoolboys,  apparently  about 
12  years  old,  who  could  tell  me  about  Louis  Pasteur.  In  this 
country  are  we  to  turn  out  high  school  graduates  who  can  name 
the  wives  of  Henry  the  Eighth,  but  who  have  never  heard  of 
Pasteur  or  Koch  or  Chittenden?  Are  the  adventures  of  -^neas 
at  the  court  of  Dido  more  important  or  more  interesting  than  the 
discoveries  of  Reed,  Carroll,  and  Lazear? 

The  course  in  physiology  should  be  conducted  by  a  teacher  who 
is  interested  in  it  and  will  endeavor  to  make  it  of  practical  value 
to  the  students.  The  mere  learning  and  reciting  of  lessons  from 
the  book  may  not  be  useless,  but  it  should  be  supplemented  by 
experiments,  some  of  which  the  pupils  can  do  at  home  and  report 
on  at  school.  A  fresh  heart  and  lungs  should  be  obtained  from 
a  butcher  and  the  lungs  inflated.  Each  pupil  should  see  the  cir- 
culation in  the  web  of  a  frog's  foot  or  some  other  animal  mem- 
brane. Models  of  the  eye  and  several  other  organs  should  be 
examined.  The  application  of  the  lessons  to  actual  living  should 
be  discussed  freely  and  the  difficulties  of  properly  applying  the 
knowledge  acquired  should  be  overcome,  if  possible.  The  pupil 
while  in  the  secondary  school  will  not  become  much  of  an 
anatomist  or  physiologist  but  should  acquire  sufficient  knowledge 
of  these  subjects  to  help  materially  in  understanding  hygiene. 

In  the  Sandusky  High  School  the  study  of  physiology,  supple- 
mented in  such  ways  as  I  have  suggested,  occupies  half  of  the 
first  year,  so  that  all  who  enter  the  high  school  may  get  the  bene- 
fit of  it.  In  the  fourth  year  we  have  recently  introduced  hygiene 
and  sanitary  science  in  connection  with  rhetoricals.  It  does  not 
replace  any  other  study.  As  heretofore,  each  student  has  rhetori- 
cals twelve  times  each  semester  throughout  his  course,  taking 
part  himself  with  an  essay,  recitation,  or  debate  three  times  each 
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semester.  But  in  some  of  the  rhetorical  classes  the  subjects  are 
no  longer  of  a  miscellaneous  character. 

In  the  first  half  of  the  senior  year,  the  essays  all  pertain  to 
matters  of  health  and  are  followed  by  comments  by  the  teacher 
and  sometimes  discussion  by  the  pupils.  The  subjects  include 
various  diseases,  their  effects,  their  cause  and  how  they  may  be 
avoided,  the  pupil  choosing  a  subject,  if  possible,  which  he  knows 
about  from  experience.  Other  subjects  are:  The  most  important 
factors  in  the  maintenance  of  health,  the  most  neglected  factors 
in  the  maintenance  of  health,  erroneous  notions  about  health  and 
disease,  the  length  of  human  life,  occupation,  exercise,  gymnas- 
tics, rest,  sleep,  worry,  overwork,  clothing,  bathiijg,  care  of  the 
eyes,  care  of  the  teeth,  medical  education,  a  doctor's  experiences, 
trained  nurses,  medical  frauds,  patent  medicines,  what  a  city 
should  do  for  the  public  health,  and  quite  a  list  of  subjects  per- 
taining to  food  and  drink.  We  believe  that  the  pupils  derive 
much  valuable  information  from  this  course. 

Once  in  several  years  we  have  a  short  course  of  lectures  on 
health  for  the  whole  school. 

Besides  the  lectures  and  courses  devoted  to  health  study,  the 
pupils  should  be  given  useful  bits  of  information  on  this  subject 
as  occasion  offers  in  their  other  studies.  There  are  many  op- 
portunities for  this  in  chemistry  and  zoology,  some  in  botany,  and 
some  in  history. 

Sometimes  the  excursions  of  science  classes  incidentally  afford 
a  means  of  seeing  sanitary  appliances  with, which  the  pupil  is 
unfamiliar.  Excursions  for  this  express  purpose  might  welt  be 
made  by  classes  studying  these  subjects,  e.  g.,  to  a  city  filtra- 
tion plant,  or  a  model  dairy. 

Last  week  I  went  after  school  with  57  botany  pupils  to  study 
the  trees  on  the  grounds  of  the  Ohio  Soldiers'  and  Sailors'  Home 
and  get  specimens  of  the  leaves  and  fruit  for  their  collections. 
Before  we  returned  we  went  through  the  hospital  and  kitchew 
and  a  room  where  all  the  milk  is  sterilized  by  heat  and  then 
quickly  cooled  and  aerated.  On  the  Saturday  excursions  the 
pupils  learn  the  importance  of  care  in  the  selection  of  drinking- 
water,  the  danger  of  sitting  or  lying  on  damp  ground,  the  ad- 
vantage of  resting  after  lunch,  the  folly  of  lunching  every  few 
minutes  or  of  drinking  every  time  they  see  a  pump  and  cupt 
The  feeling  of  fatigue  may  be  easily  mistaken  for  one  of  hunger 
or  thirst  and  the  child  who  is  not  told  this  may  be  very  slow  to 
find  it  out.    The  novice  is  likely  to  return  home  more  exhausted 
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from  abuse  of  his  stomach  than  by  too  much  exercise.  The  in- 
terest which  these  excursions  arouse  in  outdoor  life  leads  to 
more  of  outdoor  pursuits  for  pleasure  or  for  business  and  thus 
may  result  in  much  benefit  to  health. 

Pupils  are  more  impressed  by  what  they  see  than  by  what  they 
read.  They  should  see  mosquito  larvae  and  know  the  source  of 
the  water  containing  them  and  how  they  may  be  killed.  They 
should  see  trichinae  in  pork  or  human  flesh,  also  some  protozoa 
and  bacilli.  They  should  have  an  opportunity  to  observe  the 
growth  of  bacteria  on  a  dish  of  gelatine  over  which  a  fly  has 
been  permitted  to  walk  and  another  which  has  been  touched  with 
unwashed  fingf rs.  A  few  lessons  in  bacteriology  might  well  be 
included  in  an  elementary  course  in  biology,  so  that  the  pupils 
may  get  some  idea  of  the  role  of  micro-organisms  in  nature  and 
the  conditions  that  are  favorable  for  their  development.  People 
who  have  never  seen  these  things  can  hardly  appreciate  their  un- 
portance.  A  beam  of  light  admitted  to  a  darkened  room  through 
a  small  opening,  illuminating  the  dust  in  its  track,  helps  them  to 
realize  that  many  of  the  things  around  us  we  ordinarily  fail  to 
see. 

Some  Things  Pupils  Should  Come  to  Understand. 

A  headache  or  toothache  or  any  other  ache  or  pain  is  a  danger 
signal.  To  stop  it  with  medicine  that  deadens  the  nerve  is  like 
pulling  down  the  signal  and  allowing  a  train  to  rush  on  to  destruc- 
tion. 

People  usually  do  not  need  medicine  even  when  they  are  not 
feeling  well,  but  rest  and  perhaps  different  food  and  more  fresh 
air. 

In  many  cases  doctors  prescribe  medicine  not  because  they 
think  their  patients  need  it,  but  because  they  expect  it  and  would 
not  be  satisfied  without. 

Patent  medicines,  no  matter  how  cleverly  advertised,  are  gen- 
erally useless  and  most  of  them  harmful. 

It  is  very  unwise  to  suffer  from  a  decayed  tooth  for  fear  of 
pain  that  would  be  inflicted  by  a  dentist. 

Ailments  such  as  colds,  headaches,  and  indigestion  which  fail 
to  improve  when  the  supposed  cause  is  removed  should  not  be 
allowed  to  persist  without  consultation  with  a  conscientious  phy- 
sician. The  longer  they  continue,  the  more  difficult  they  are  to 
cure.    Neglected  minor  ailments  often  lead  to  serious  disease. 


Digitized  by  LjOOQIC 


PRACTICAL  HYGIENE  5 

The  most  common  mode  of  infection  in  the  case  of  diphtheria, 
scarlet  fever,  typhoid  fever,  and  several  other  diseases  is  by  con- 
tact with  a  patient  or  something  soiled  by  his  saliva  or  other 
secretions  or  excreta.  The  ways  in  which  contact  infection  may 
occur  are  very  numerous,  but  if  food  and  eating  and  drinking 
utensils  were  not  contaminated  with  anyone's  soiled  hands  or  lips, 
and  if  fingers,  pencils,  etc.,  were  not  brought  to  the  mouth,  sev- 
eral of  these  diseases  would  become  much  less  common  than 
they  are. 

Night  air  is  not  dangerous,  not  even  in  a  malarious  district,  if 
the  person  is  protected  from  mosquitoes  by  screens. 

Those  who  accustom  themselves  to  fresh  air  indoors,  night  and 
day,  and  spend  considerable  of  the  day  out  of  doors,  suffer  less 
from  colds  and  other  ailments  than  those  who  live  in  unventilated 
rooms. 

Liability  to  sore-throat  and  colds  is  not  lessened  but  increased 
by  wearing  warm  wraps  around  the  neck. 

A  potent  factor  in  the  production  of  colds  and  several  other 
ailments  is  overeating,  especially  of  proteids. 

Some  proteid  food  is  essential,  but  most  persons  in  this  coun- 
try eat  two  or  three  times  as  much  of  it  as  is  good  for  them. 

Lessening  the  amount  of  meat  consumed  not  only  lessens  the 
cost  of  living  but  enables  the  person  to  live  much  better. 

There  is  no  need  of  eating  more  eggs  or  cheese  when  the  quan- 
tity of  meat  is  reduced. 

Eating  hurriedly  is  a  bad  practice.  One  should  come  to  the 
table  with  such  an  appetite  that  bread  and  other  ordinary  foods 
will  taste  good  and  should  enjoy  the  taste  of  each  mouthful  until 
it  has  been  thoroughly  masticated  and  mixed  with  saliva. 

Tea,  coffee,  and  tobacco  are  bad  for  children  and  for  many 
grown  people.    Probably  all  would  be  better  off  without  them. 

Scientific  investigations  in  recent  years  have  shown  that  the 
moderate  use  of  alcohol  is  somewhat  injurious.  Furthermore  in 
a  very  large  number  of  cases  the  moderate  use  of  alcoholic  bev- 
erages leads  to  their  immoderate  use.  In  the  London  County  In- 
sane Asylums  the  number  of  patients  and  staff  increased  between 
1889  a^d  ^906  horn  8,107  to  19457,  but  the  consumption  of  malt 
liquors  decreased  from  255,486^^  gallons  to,  1,281  J4  gallons,  of 
wine  from  6,687  P^^^s  to  265  pints,  of  spirits  from  8,529  pints  to 
1,741  pints. 
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A  SmPLE  AUTOMATIC  GEKEEATOB  FOB  OABBON  DIOXIDE 
OB  HTDBOGEN  SXTLPHIDE. 

By  William  M.  Blanchard^ 
DePauw  University,  Greencastle,  Ind. 

The.  generator  is  easily  made  from  a  broken  condenser  jacket 
of  a  Liebig  condenser  and  is  readily  understood  from  the  draw- 
ing. It  is  but  another  illustration 
of  the  conversion  of  a  broken  and 
apparently  worthless  piece  of  appa- 
ratus into  something  useful — an- 
other instance  of  the  utilization  of 
the  "scrap  heap."  By  means  of  a 
hot  iron  rod  or  stout  wire  the  jacket 
is  cut  in  the  usual  way  and  the  rough 
edge  smoothed  and  flanged  in  a 
good  flame.  By  means  of  a  very 
small  blast  flame  the  glass  is  heated 
at  three  points  about  two  inches 
above  the  side  tube  and  little  pro- 
jections are  made  by  gently  pushing 
in  the  softened  glass  by  means  of  a 
file  or  stout  iron  wire.  These  pro- 
jections^ w-ill  support  a  perforated 
piece  of  thick  rubber,  such  as  may 
1)e  obtained  from  any  plumber.  This  stout  perforated  rubber 
plate  will  serve  as  the  support  for  the  marble  or  ferrous  sul- 
phide. The  tube  B  is  made  from  a  piece  of  large  glass  tubing; 
a  large  calcium  chloride  tube  or  an  ordinary  "adapter"  will  serve 
the  purpose.  This  tube  is  held  in  position  by  means  of  a  twisted 
copper  wire,  D.  The  apparatus  is  supported  by  an  ordinary 
condenser  clamp. 

To  remove  the  spent  acid  in  the  lower  part  of  the  generator, 
close  the  tube  B  with  the  thumb,  or  with  a  cork,  open  E  and 
;then  F. 

The  apparatus  is  cheap,  easily  made,  and  easily  cleaned  and 
will  prove  very  convenient  where  large  quantities  of  gas  are 
•not  required. 


iThe  projection*  at  A  should  be  lowered  to  about  half  the  present  distance  above  the 
llateral  opening. 
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THE  OHEMIO AL  LABORATORIES  OF  HEIDELBERG  AND  BONK. 

By  Nicholas  Knight, 
Cornell  College. 

It  was  a  privilege  to  visit  the  great  chemical  laboratories  of  Hei- 
delberg and  Bonn  on  a  vacation  trip  during  the  past  summer. 
The  semester  had  not  closed,  but  the  weather  was  unusually  warm 
and  only  a  few  students  were  at  their  desks  in  the  laboratory; 
besides  many  were  behind  in  their  duels,  and  were  busy  making 
up  back  work  in  this  important  adjunct  of  Heidelberg  University 
life.  It  may  be  remarked  in  parenthesis  that  the  system  of  duel- 
ing as  practiced  in  all  the  German  universities  shows  far  fewer 
fatalities  than  the  American  football. 

Heidelberg  University  has  grown  in  recent  years,  and  now 
there  are  about  two  thousand  five  hundred  students  in  all  depart- 
ments. We  were  surprised  to  learn  that  there  had  been  only  one 
himdred  and#  fifty  in  the  chemical  department  during  the  year, 
including,  of  course,  the  students  in  pharmacy  and  medicine,  who 
are  obliged  to  take  the  first  part  of  their  chemical  work  in  the 
universities.  This  is  a  small  number  as  compared  with  the  twelve 
hundred  to  fifteen  hundred  students  in  the  chemical  departments 
of  some  of  the  large  American  universities. 

The  Heidelberg  laboratory  is  not  an  imposing  building,  and 
in  this  respect  does  not  compare  favorably  with  some  of  the 
great  American  laboratories.  But  the  important  thing,  after  all, 
is  not  the  building  and  its  equipment^  but  the  teacher  and  the  stu- 
dents. Readers  of  this  magazine  well  understand  that  many  of 
the  world's  greatest  and  most  valuable  scientific  achievements  have 
been  wrought  out  in  an  humble  and  unpretentious  place;  while 
some  of  the  most  costly  and  imposing  laboratories  have  not  been 
conspicuous  for  the  quality  of  the  work  they  have  turned  out. 

The  German  educational  authorities  always  consider  the  man  in 
making  up  their  faculties,  and  their  scientific  and  educational  re- 
sults seem  to  justify  their  methods.  The  aim  is  to  secure  a  man 
who  has  accomplished  something,  who  is  a  great  authority,  or 
better  yet  the  greatest  authority  in  some  line  of  endeavor,  who 
is  still  actively  engaged  in  investigation,  and  in  making  contribu- 
tions to  the  world's  advancing  knowledge.  It  has  been  learned 
by  experience  that  such  men  are  able  to  inspire  students  to  do 
their  best,  and  to  bring  out  the  best  that  is  in  them. 

Is  it  not  possible  that  in  some  sections  of  our  country  too  much 
emphasis  has  been  placed  on  buildings  and  material  equipment 
and  not  enough  on  the  man  behind  the  gun — the  professor?    Yet 
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there  are  signs  of  change  in  these  directions  and  better  results 
may  be  expected. 

The  oldest  part  of  the  present  Heidelberg  laboratory  was  built 
by  Bunsen  in  1853  and  '54.  Another  part  was  added  by  Victor 
Meyer,  whose  premature  death  the  scientific  world  has  not  yet 
ceased  to  mourn,  and  now  Professor  Theodore  Curtius,  the  pres- 
ent able  head,  has  been  obliged  to  build  a  second  addition.  The 
work  has  expanded,  especially  in  the  direction  of  physical  chem- 
istry, and  more  room  is  constantly  required.  The  director  lives 
in  commodious  rooms  in  the  second  story,  the  first  being  occupied 
as  a  part  of  the  laboratory.  A  plate  on  the  house  informs  the 
passer-by  that  hier  Woknte  Professor  Robert  Wilhelm  Bunsen. 
Professor  Curtius  is  a  genial  man,  in  the  prime  of  life,  and  he 
seems  to  take  pleasure  in  showing  an  oil  portrait  of  Bunsen,  with 
the  proverbial  cigar  between  his  lips,  which  Curtius  says  is  con- 
sidered a  very  excellent  likeness  of  the  great  master  of  science. 

The  University  of  Heidelberg  is  beginning  the  five  hundred 
and  twenty-sixth  year  of  its  history.  It  is  still  young,  active,  and 
vigorous,  and  seems  to  be  doing  its  full  share  toward  promoting 
the  high  educational  standards  and  ideals  that  have  made  the 
German  university  cities  the  Mecca  of  scholars  from  all  parts  of 
the  civilized  world. 

We  had  many  times  visited  the  Heidelberg  laboratory,  but  this 
was  our  first  stop  at  Bonn.  It  is  a  larger  and  newer  university 
than  Heidelberg  and  has  an  interesting  collection  of  buildings. 
It,  too,  is  growing  rapidly  and  claims  an  enrollment  of  four  thou- 
sand five  hundred  students.  The  members  of  the  royal  family 
attend  this  university,  which  may  help  to  account  for  its  rapid 
development.  Its  chemical  department  also  seems  small  as  only 
one  hundred  and  eighty  students  took  the  work  last  year.  The 
laboratory  is  quite  new,  modern,  well  arranged,  and  convenient  in 
every  detail.  Professor  Richard  Anschiitz  has  been  the  head  and 
director  for  a  number  of  years,  succeeding  Kekule,  if  our  memory 
is  not  at  fault.  Kekule  was  very  highly  regarded,  as  indeed  he 
should  be.  His  work  on  the  benzene  ring  brought  fame  and  rec- 
ognition to  the  institution.  A  well-executed  statue  of  Kekule 
IS  near  the  main  entrance  to  the  laboratory.  Anschiitz  attends  to 
the  revision  of  Richter's  organic  chemistry,  and  is  one  of  the 
leading  organic  chemists  of  the  present  day. 

Possibly  science  and  art  blend  harmoniously.  At  any  rate  the 
name  of  Beethoven,  the  great  musical  composer,  is  intimately 
associated  with  Bonn  on  the  Rhine,  the  seat  of  this  famed  uni- 
versity. 
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THE  REMOVAL  AND  AN  E2PLANATI0N  OF  DIFFIOX7LTIE8 

WITH  THE  "VOLUME  OOEFFIOIENT  OF 

EXPANSION"  APPABATU8. 

By  Albert  E.  Hennings. 

I  am  not  recording  a  unique  experience  in  stating  that  I  have 
encountered  serious  difficulties  in  the  construction  and  use  of 
the  familiar  **volume  coefficient  of  expansion"  apparatus  con- 
sisting of  a  capillary  tube  in  which  a  column  of  air  is  confined 
by  a  thread  of  mercury.  It  is  quite  generally  recognized  that 
water  vapor  is  a  disturbing  factor  to  subdue  which  it  has  be- 
come a  common  practice  to  enclose  with  the  air  a  small  quantity 
of  concentrated  sulphuric  acid.  Yet  notwithstanding  this  pre- 
caution it  is  only  in  the  case  of  tubes  newly  and  carefully  made 
up  that  any  confidence  can  be  placed  in  the  observations.  The 
resulting  values  oi  the  coefficient  are  almost  invariably  too  high ; 
with  the  range  o^'C  to  100*^0.,  errors  of  io%  to  12%  are  not 
infrequent.  Apparently  the  sulphuric  acid  does  not  serve  the 
purpose  for  which  it  is  intended. 

This  is  a  grave  situation;  but  it  is  not  a  hopeless  one.  It 
shall  be  my  purpose  in  what  follows,  first,  to  give  information  as 
to  means  whereby  it  may  be  relieved,  and  secondly,  to  carry  the 
diagnosis  to  the  point  of  ascertaining  wherein  previous  efforts 
have  failed. 

I.  By  the  simple  expedient  of  surrounding  the  opening  of 
the  capillary  tube  with  calcium  chloride,  its  whole  interior  is 
shielded  from  moisture.     The  most  troublesome  and  only  per- 
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sistent  difficulty  is  thereupon  removed.  The  accompanying  dia- 
gram suggests  the  manner  in  which  the  parts  of  the  apparatus 
are  assembled.  A  tightly  fitting  stopper  placed  in  the  mouth  of 
the  larger  tube,  except  when  observations  are  being  taken,  makes 
it  possible  for  a  single  charge  of  calcium  chloride  to  serve  al- 
most indefinitely  while  the  whole  assemblage  remains  always 
in  perfect  condition.  It  is  ready  for  service  on  demand,  and 
once  in  working  order  becomes  a  valuable  and  permanent  addi- 
tion to  the  equipment.  Tubes  prepared  in  this  way  have  given 
entire  satisfaction.     Such  discrepancies  as  appear  in  the  final 
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results  are  well  within  the  range  prescribed  by  the  probable 
errors  in  the  measurements  of  the  temperature  and  volume. 

2.  Without  this  final  precaution  the  presence  of  water  vapor 
is  inevitable.  It  may  be  accounted  for  in  part  by  assuming  tiiat 
the  mercury  index  picks  up  moisture  in  its  excursions  back  and 
forth  and  brings  some  of  it  into  the  enclosed  space.  Again,  to 
take  proper  account  of  the  highly  hygroscopic  property  of  glass, 
it  is  necessary  to  assume  further  that  the  index,  in  moving  out- 
ward, passes  through  and  leaves  behind  it  a  tubular  film  which 
disintegrates  with  the  rise  of  temperature.  The  water  vapor 
thus  introduced  adds  its  pressure  to  that  due  to  the  air  alone. 
The  sulphuric  acid  does  indeed  fail  to  meet  the  situation.  In 
the  few  minutes  in  which  the  experiment  is  performed,  it  does 
not  become  operative  as  a  drying  agent,  for  with  the  air  under 
atmospheric  pressure,  the  diffusion  of  the  vapor  along  the  axis 
of  the  capillary  tube    takes  place  very  slowly. 

The  latter  assumption  and  the  accompanying  argument  find 
justification  in  the  fact  that  when  a  tube  made  up  in  the  usual 
way  is  placed  in  a  steam  bath,  the  mercury  index  very  shortly 
reaches  a  maximum  height  which  it  maintains  apparently  for 
an  hour  or  more.  It  then  subsides  very  slowly  and  in  the  course 
of  several  hours  reaches  a  point  which  indicates  a  decrease  of 
2%  to  5%  in  the  expansion.  This  effect  is  less  pronounced  or 
may  disappear  entirely  in  the  case  of  the  older  tubes  or  those 
not  so  carefully  made  up.  The  explanation  to  be  offered  here 
is  that  the  sulphuric  acid  and  the  water  taken  up  by  it  form  a 
solution  which  has  an  appreciable  vapor  tension.  While  this 
may  not  be  perceptible  at  room  temperature,  it  "becomes  very 
much  so  at  the  temperature  of  steam. 


QUE  QUIOKSILVEB  PBODUOTION. 

The  world's  production  of  quicksilver  last  year  was  3,747  short  tons, 
of  which  the  United  States  produced  773  short  tons.  Quicksilver  is 
usually  quoted  in  "flasks,"  a  flask  containing  75  pounds.  The  American 
production  therefore  represents  20,601  flasks.  Of  this  amount  California 
furnished  17,211  flasks.  In  1850  the  quicksilver  production  of  that  state 
was  7,723  flasks,  but  California's  greatest  production  was  in  1881,  when 
the  yield  was  60,851  flasks. 

In  1910  only  two  countries  produced  more  quicksilver  than  the  United 
States-^Italy  882  tons  and  Spain  1,102  tons.  These  and  other  statistics 
are  given  in  an  advance  chapter  on  quicksilver  from  "Mineral  Resources 
of  the  United  States,  1910,"  by  H.  D.  McCaskey  of  the  United  States 
Geological  Survey. 
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GIBSON'S  AOOELERATION  APPABATUS. 

By  Deli.  Gibson, 
Lyons,  Nebraska, 

This  machine  is  designed  to  run  down  inclined  wires  and  to 
record  its  exact  position  at  the  end  of  each  second.  It  consists 
of  an  electro-mang^et  mounted  on  pulleys.  One  pulley  connects 
with  one  terminal  of  the  wires  of  the  electro-magnet  and  the 
other  with  the  other  terminal ;  the  pulleys  being  insulated  from 
€ach  other.  The  starting  wire  is  shaped  like  this  figure.  One 
end  of  the  starting  wire  (s.  w.)  is  in  front  and  lies  under  the 
marking  wire,  or  the  wire  at  the  top  of  the  armature.  The 
other  end  goes  behind  the  machine  and  hooks  into  a  hole  in  the 
back  of  the  machine.  When  a  current  is  sent  through  the  ma- 
chine this  wire  is  thrown  back  and  the  machine  is  released. 
The  marker  (M)  is  attached  to  the  armature  and  is  made  of 
light  chamois  5;meared  on  the  inner  side  with  printer's  ink.    The 


inclined  wires  are  parallel  and  lie  in  a  common  plane  with  each 
other.  The  upper  terminal  is  shown  in  the  cut.  The  lower  one 
has  a  turnbuckle  for  tightening  the  wires.  The  lower  terminal 
block  is  fastened  to  a  clamp  which  may  be  secured  to  any  part 
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of  a  2x4  stick  s  feet  long  securely  fastened  to  the  wall.  By 
this  means  any  desired  pitch  may  be  given  the  wires.  The  in- 
clined wires  are  insulated  from  each  other  but  connected  in 
series  with  a  battery,  a  seconds  pendulum  and  perhaps  a  sounder 
to  make  the  seconds  audible.  A  key  is  also  in  the  circuit.  When 
all  has  been  arranged  the  key  is  closed.  At  the  beginning  of  the 
first  second  when  connections  are  made  the  armature  is  drawn 
down  and  strikes  the  release  wire  setting  the  machine  free.  At 
the  same  time  the  marker  indicates  exact  position  of  the  machine 
at  starting.  At  each  succeeding  second  the  exact  position  of 
the  machine  is  marked  the  same  as  the  first  one. 

There  are  many  machines  which  work  well  in  theory,  but  very 
poorly  in  practice.  This  one  works  better  in  practice,  how- 
ever, than  it  does  in  theory.  In  my  own  work  with  the  machine 
the  error  were  less  than  one  per  cent.  With  the  pupil's  work 
the  errors  were  nearly  all  within  two  per  cent.  There  is  no 
possibility  of  their  making  greater  error  than  in  the  measuring 
of  the  distances  from  mark  to  mark.  I  think  even  better  re- 
sults could  be  secured  with  better  apparatus.  The  seconds 
pendulum  was  a  homemade  affair.  There  is  small  chance  of 
error.  Even  the  error  of  the  friction  of  the  machine  may  be 
accounted  for  and  thus  eliminated  in  calculating  g.  The  lower 
terminal  is  moved  up  and  down  till  a  place  is  found  where  the 
machine,  when  started  by  hand,  continues  to  mark  off  equal  dis- 
tances. This  is  then  used  as  the  point  from  which  the  measure- 
ments are  made  in  calculating  the  slope  of  the  wires. 

The  machine  possesses  the  following  advantages  over  any 
other  acceleration  machine  which  I  have  seen : 

(i)  It  is  striking  for  class  demonstrations  as  it  can  be  rap- 
idly adjusted  and  worked  before  the  class.  It  is  an  interesting 
individual  experiment  as  all  individual  experiments  are  inter- 
esting where  the  student  can  see  something  in  motion, 

(2)  It  occupies  small  space.  It  can  be  placed  over  a  black- 
board or  across  a  window.  When  not  in  use  the  lower  terminal 
may  be  unhooked  and  hung  up  out  of  the  way. 

(3)  It  can  be  used  to  illustrate  accelerated  and  uniform  mo- 
tion in  the  same  act  by  having  a  bend  in  the  middle  of  the  in- 
clined wires. 

(4)  It  is  easily  operated. 

(5)  It  is  not  approached  for  accuracy.  Even  the  novice  can 
not  only  prove  laws  but  easily  deduct  tbem. 
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EXPEBIMENTS  IN  FLUID  PRE88UEE. 

By  H.  C.  Krenerick, 
North  Division  High  School,  Milwaukee,   Wis, 

Many  have  found  the  usual  method  of  verifying  the  law  of 
fluid  pressure  at  a  point  with  the  J  form  tubes  and  mercury  un- 
satisfactory both  in  results  and  reasoning.  If  the  tubes  are  bent 
as  shown  in  Carhart  and  Chute  and  many  other  text-books,  dif- 
ferent volumes  of  air  are  confined  in  the  three  short  arms,  hence 
if  the  pressures  were  equal  the  mercury  displacements  would  not 
be  the  same.  Another  objection  is  that  a  water  column  always 
enters  the  tube,  consequently,  with  the  different  shaped  tubes, 
the  contact  between  water  and  air,  the  real  pressure  area  under 
consideration,  will  not  be  at  a  constant  depth  thus  the  pressure 
varies.  Furthermore  as  this  area  of  contact  becomes  horizontal 
in  all  three  tubes  we  are  in  each  case  dealing  with  a  downward 
pressure. 


The  following  modification  of  the  experiment  eliminates  these 
objections  and  may  be  of  interest  to  some.  The  three  glass 
tubes,  a,  h,  and  c  of  Fig.  i  are  of  the  same  length  and  cross 
section.  The  tubes  b  and  c  are  bent  at  such  points  that  the  short 
arm  will  be  longer  than  the  entering  column  of  water.  If  the 
three  tubes  are  held  in  the  liquid  as  shown  in  diagram,  it  is 
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very  apparent. that  the  volume  of  confined  air  is  the  same  in  each 
trial;  that  the  direction  of  pressure  on  the  confined  columns  of 
air  is  upward,  downward,  and  vertical ;  that  the  area  of  pressure 
in  each  case  is  at  a  constant  depth,  thus  a  constant  pressure. 
The  open  manometer  containing  colored  water  or  alcohol  is 
here  used  for  indicating  pressure. 

Another  experiment  with  the  apparatus  is  to  have  a  tube  of 
twice  the  cross  section  and  one  half  the  length.  This  tube  when 
compared  with  a,  with  the  pressure  area  at  the  same  depth,  in- 
dicates the  same  pressure  change,  thus  an  application  of  Pas^ 
cal's  Principle. 

The  following  experiment  I  have  found  an  interesting  and 
instructive  application  of  Pascal's  Principle  and  other  laws  of 
fluid  pressure.  The  nature  of  the  apparatus  is  clearly  shown 
in  the  drawing.  Fig.  2.  Tubes  A  and  B  are  at  least  five  feet 
in  length.  Colored  water  is  used  in  the  bottle.  The  pinch 
clamp  at  C  is  at  first  closed,  then  by  blowing  through  D  the 
Hquid  is  raised  as  high  as  possible  in  A.  The  clamp  is  now 
opened  and  the  majority  of  the  class  will  r.eason  that  the  two 
columns  can  be  lifted  to  only  one  half  the  height  of  the  single 
column.  When  the  two  columns  go  up  to  the  same  height  some 
are  skeptical.  To  convince  them  that  it  was  not  the  result  of 
a  greater  effort,  I  force  as  much  air  as  possible  into  a  football' 
bladder  and  connect  to  D  with  the  clamp  at  C  closed.  The 
liquid  rises  to  a  certain  height  in  tube  A.  When  the  clamp  is 
opened  the  first  column  remains  stationary  and  the  second  col- 
umn rises  to  the  same  level.  By  replacing  B  with  tubes  of 
difl:erent  cross  section  and  by  supporting  the  tubes  at  different 
angles,  the  relation  of  pressure  to  vertical  height  or  head  is 
clearly  demonstrated.  The  last  is  rather  strikingly  shown  by 
using  the  bladder  wath  both  tubes  open.  A  is  left  vertical  and 
as  B  is  inclined  at  various  angles  the  level  of  the  two  columns 
remains  the  same. 
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A  LABORATOBT  EXERCISE  TO  VERIFY  THE  LAWS  OF  AO- 
OELERATED  MOTION  AND  TO  PROVE  f  =  ma.    DE- 
SIGNED FOR  HIGH  SCHOOL  CLASSES. 

By  Philo  F.  Hammond, 
High  School,  Snohomish,    Wash. 

This  exercise  was  suggested  to  me  by  Prof.  F.  A.  Osborn, 
head  of  the  Department  of  Physics,  University  of  Washington, 
and  he  kindly  loaned  me  a  pulley  to  try  out  the  exercise  in  our 
high  school  laboratory.  Having  tried  it  out  and  having  con- 
vinced myself  that  it  is  a  satisfactory  exercise  for  high  school 
woric,  I  purchased  a  pulley  for  our  own  use. 


An  aluminimi  pulley  lo  cm.  in  diameter  is  securely  mounted 
within  a  few  inches  of  the  ceiling.  Over  this  pulley  two  large 
cylindrical  weights  (window  weights  or  car  coupling  pins)  are 
suspended  by  a  heavy  braided  fish  line.    These  weights  should  be 
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smoothed  off  and  then  ground  down  on  an  emery  wheel  until 
both  weigh  the  same  within  one  tenth  of  a  gram.  An  extra  cord 
may  be  tied  to  the  weights  near  the  bottoms  to  counteract  the 
weight  of  the  other  cord  as  it  runs  over  the  pulley.  The  cord 
supporting  the  weights  should  be  so  adjusted  that  the  weight 
at  the  top  will  be  within  a  few  inches  of  the  floor.  The  extra 
cord,  spoken  of  above,  should  be  so  adjusted  that  when  the  loaded 
weight  hits  the  floor,  it  becomes  taut.  This  will  prevent  the 
weight  then  at  the  top  from  jumping  and  throwing  the  cord  off 
the  pulley. 

A  weight  (say  50  gms.)  is  then  placed  at  the  top  of  one  of 
the  large  weights  in  a  loop  made  in  the  cord  for  this  purpose 
and  then  drawn  to  the  ceiling.  The  student  operating  the  ap- 
paratus stands  with  a  stop  watch  in  one  hand  and  holds  the  cord 
with  the  other.  Upon  counting  three,  he  lets  go  of  the  cord 
and  presses  the  stop  watch  at  the  same  time.  The  weight  carry- 
ing the  over  weight  drops  to  the  floor  pulling  the  other  up  to 
the  pulley.  At  the  instant  the  weight  hits  the  floor,  the  student 
presses  the  stop  watch  and  rec^TcIis  the  time.  This  is  repeated 
ten  times  and  an  average  is  then  taken.  This  may  be  repeated 
with  different  overweights  to  suit  the  desires  of  the  instructor. 
The  distance  the  weight  passes  over  is  easily  measured  by  the 
use  of  two  thin  strips  of  board  ( i"xi")  held  side  by  side,  with 
one  end  of  one  strip  upon  the  floor,  while  the  other  strip  is 
pushed  upward  until  it  touches  the  bottom  of  the  weight  near 
the  pulley. 

Having  obtained  the  space  and  the  time  of  falling,  "a"  may 
be  obtained  from  the  formula  s  =  J4a^*.  Multiplying  this  by 
the  total  mass  moved  we  have  the  force  in  dynes. 

The  student  is  then  told  to  deduct  a  certain  number  of  grams 
from  the  overload  (without  being  told  why)  and  to  reduce  the 
balance  to  dynes.  This  amount,  to  overcome  friction,  should  be 
carefully  determined  by  the  instructor  beforehand.  The  force 
thus  obtained  should,  of  course,  agree  with  the  one  obtained 
above. 

After  the  student  has  worked  out  two  or  three  values  in  this 
way  he  is  given  a  list  of  questions  for  answers  and  computation 
as  follows: 
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Questions. 
(General.) 

1.  Is  this  an  example  of  a  freely  falling  body?  Give  reasons 
for  your  answer. 

2.  Why  was  25  grams  subtracted  from  the  "overweight"  to 
determine  the  correct  force? 

3.  Why  do  we  consider  the  overweight  (less  25  grams)  the 
force  causing  acceleration  when  there  is  a  mass  of  over  4,000 
grams  on  the  same  side  of  the  pulley  upon  which  the  force  of 
gravity  is  acting? 

From  the  trial  giving  the  best  results  answer  the  following 
questions.  Give  formulae  and  substitutions  used  in  determining 
the  answers. 

1.  What  was  the  final  velocity  of  the  weights?  Determine 
in  two  ways,  using  force  in  one  determination. 

2.  Assuming  the  mass  and  the  force  to  be  correct,  what  ought 
the  acceleration  to  be? 

3.  What  was  the  kinetic  etiCi^j^y  of  the  system  the  instant  be- 
fore the  weight  hit  the  floor? 

4.  Prove  your  result  of  number  (3)  by  comparing  its  po- 
tential energy  just  before  the  weights  started  to  move. 

5.  If  the  two  above  values  are  not  the  same,  give  cause  of 
error. 

6.  What  is  the  momentimi  of  the  system  the  instant  before 
the  weight  hit  the  floor? 

7.  Point  out  all  possible  sources  of  error  (a)  in  taking  data, 
(b)  in  defects  of  operation  and  apparatus. 

I  have  used  this  exercise  for  the  last  two  years  in  the  Sno- 
homish High  School  Physics  Laboratory,  and  find  that  the  aver- 
age student  will  get  values  having  errors  ranging  from  a  small 
fraction  of  1%  to  about  10%,  with  probably  an  average  of  less 
than  5%.  These  I  consider  very  satisfactory  results.  A  light 
aluminum  wheel  is  used  and  no  account  is  made  of  its  inertia. 
The  weights  that  we  use  are  4.1  kilos  each,  making  the  total 
mass  moved  over  eight  kilos.  The  stop  watch  was  purchased 
of  a  local  jeweler  for  $7.50.  The  pulley  and  supports  may  be 
obtained  of  any  of  the  dealers  advertising  in  this  Journal. 
The  cost  of  these  .to  us  was  $5.45.  The  stop  watch  is  un- 
necessary, although  we  found  it  use  more  satisfactory  than 
the  seconds  pendulum  which  we  used  at  first. 

The  following  are  sets  of  data  taken  in  this  laboratory  which 
are  representative  of  the  work  done : 
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Data  Taken  by  Edith  Weaver  and  Hazel  Ai^corn. 


space 

Time 

Aee. 

Bfats 

Force 

Trials                                 Mean 

in 
sec. 

in 
cm. 

ia 
gm. 

in 
dynea 

MxA: 

Error 

Error 

1 

2 

3 

4 

344 

344. 

343.5 

344 

343.87 

12 

4.77 

8221 

39200 

39255 

55 

0.15 

320 

316 

317 

315 

318.25 

10 

6.365 

8231 

49000 

52389 

3389 

6.9 

308.7 

310.4 

309.4 

309 

309.4 

9 

7.64 

8241 

58800 

62%1 

3261 

5.4 

Note:  This  work  was  done  before  a  stop  watch  was  secured. 
The  spaces  were  adjusted  by  means  of  an  adjustable  stand,  so 
that  the  weight  hit  the  stand  coincident  with  the  click  of  a  sec- 
onds pendulum,  making  the  time  a  whole  number  of  seconds. 

Data  Taken  by  Varian  Shaw  and  Otto  Sprague. 


Time 

Simce 
cm. 

Acc. 
per  sec. 

ToUl 
mass 

Force 

in 
dsmes 

Dynes 
MxA 

Error 
Dynes 

% 

Trials 

Mean 

Error 

14.2 
14.0 
14.2 
14.0 
14.0 
14.4 
14.2 
14.2 
14.0 
14.0 

10.0 
9.8 
9.9 
9.9 
9.8 

10.0 
9.9 
9.8 
9.9 
9.8 

8.1 
8.0 
8.0 
7.9 
7.9 
8.0 
7.9 
8.1 
8.0 
7.9 

14.12 

9.88 
7.98 

346 

346 

346 

3.46 

7.08 
10.86 

8210 

8241 
8271 

29400 

58800 
88200 

28406 

58346 
89023 

994 

454 
823 

3.3^ 
.9% 
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REPORT  UPON  THE  TEACHING  OF  PHYSIOS  IN  SEGRE- 
GATED 0LAS8E8.' 

At  the  Cleveland  meeting  of  the  Central  Association  of  Sci- 
ence and  Mathematics  Teachers,  a  committee  was  appointed  to 
study  and  report  upon  the  teaching  of  physics  in  segregated 
classes  in  coeducational  high  schools.  In  order  to  include  the 
work  of  the  last  school  year,  the  collection  of  data  was  deferred 
until  this  fall.  Early  in  September  letters  were  sent  to  the 
larger  cities  of  every  state  in  the  Union  except  three,  calling 
attention  to  the  work  of  the  committee  and  to  the  teaching  of 
physics  in  segregated  classes  in  various  parts  of  the  country, 
and  requesting  the  cooperation  of  the  persons  receiving  the  let- 
ter. Enclosed  with  the  letter  was  a  stamped,  self -addressed 
post  card  containing  in  addition  to  the  spaces  for  the  name  and 
address  of  the  sender  the  following  four  questions: 

1.  Has  physics  been  taught  in  segregated  classes  in  your 
schools  ?    Yes.     No. 

2.  If  so,  will  you  cooperate  further?    Yes.     No. 

3-     What  were  your  results  with  boys? Girls? 

4.     Do  you  wish  the  final  report  of  the  committee  ?    Yes.    No. 

Some  150  letters  were  sent  out.  One  hundred  replies  were 
received,  and  of  these  twenty-two  were  from  teachers  willing 
to  cooperate  further,  who  reported  segregated  classes  in  physics 
in  coeducational  high  schools. 

Eight  were  from  Atlantic  Coast  States,  ten  from  the  Central 
States  and  four  from  Mountain  and  Pacific  Coast  States,  show- 
ing a  somewhat  surprisingly  even  distribution  from  ocean  to 
ocean.  To  each  of  the  twenty-two  was  sent  a  letter  and  a  list 
of  questions  and  from  these  sixteen  replies  have  been  received. 

It  is,  of  course,  well  understood  that  the  questionnaire  cannot 
determine  facts  of  a  high  degree  of  scientific  accuracy.  There 
are,  however,  some  situations,  and  the  present  investigation  ap- 
pears to  be  one,  in  which  the  questionnaire  presents  a  means  of 
determining  the  extent,  the  tendencies,  and  the  apparent  success  of 
a  new  educational  procedure. 

With  the  idea  of  making  this  report  complete,  the  list  of 
questions  employed  is  inserted  here.  In  the  blanks  sent  out, 
space  was  left  after  each  question  sufficient  for  the  answer. 

1.  Name  of  teacher  reporting.      3.     Address. 

2.  School.  4.     Date. 


iRead  before  the  Physics  Section  of  the  Central  Association  of  Science  and  Mathe- 
matics Teachers.  Dec.  2,  1911,  at  Lewis  Institute.  Chicago. 
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S-  Number  of  segregated  classes  taught. 

6.  Extending  over  a  period  of semesters. 

7.  Were  mixed  physics  classes  taught  at  the  same  time? 

8.  Were  the  same  topics  studied  in  all  courses? 

9.  If  different  courses  were  given,  how  did  the  courses  differ? 

10.  Do  you  favor  (radical)  modification  of  the  course  for 
girls f  If  so,  suggest  topics  to  be  omitted  and  those  to  be  empha- 
sized. 

11.  Ditto  for  boys, 

12.  What  subjects  in  physics  do  girls  handle  best?    Boysf 

13.  On  the  average  does  the  girl  or  the  boy  do  better  work 

(a)  when  the  courses  are  identical?     (b)  When  the  courses  are 
differentiated  for  sex? 

14.  In  your  experience  with  mixed  classes  have  you  had  a 
larger  percentage  of  failures  with  boys  or  with  girls f  If  pos- 
sible give  exact  percentages  in  each  case. 

15.  Ditto  for  segregated  classes  (a)  with  identical  courses? 

(b)  With  differentiated  courses? 

16.  In  general  is  instruction  more  or  less  effective  in  segre- 
gated as  compared  with  mixed  classes?  (a)  when  the  segre- 
gated classes  have  the  same  course?  (b)  when  differentiated 
courses  are  given? 

17.  Is  discipline  easier  or  harder  in  segregated  as  compared 
with  mixed  classes?     (a)  With  girls?     (b)  With  boys? 

18.  What  differences  in  aptitudes,  if  any,  have  you  found 
between  boys  and  girls?  (a)  In  preparing  for  recitations? 
(b)  In  solving  problems?  (c)  In  laboratory  work?  (d)  In 
applying  problems  and  laboratory  work  to  practical  affairs? 
(e)  In  acquiring  facility  in  laboratory  technique?  (f)  In  re- 
cording work  in  laboratory  books?  (g)  In  developing  a  scien- 
tific habit  of  thought  when  new  topics  are  presented? 

19.  Is  the  laboratory  (inductive)  method  of  study  equally 
well  adapted  to  boys  and  girls? 

20.  Is  the  recitation  (deductive)  method  of  study  equally 
well  adapted  for  both  ? 

21.  Is  the  demonstration  experiment  equally  adapted  for 
both? 

22.  What  is  the  attitude  toward  segregation?  Of  boys?  Of 
girls?     Ot  parents? 

23.  Observations  not  covered  by  the  foregoing  questions. 
The  sources  of  information  in  any  questionnaire  are  of  value 

and  interest,  hence  the  inclusion  here  of  the  following  list,  which 
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contains  the  names  of  many  of  the  high  schools  reporting: 
Brookline,  Newton,  and  Dorchester  Center,  Mass.;  Bridgeport, 
Conn.;  Richmond,  Va. ;  Toledo,  Dayton,  and  Cincinnati,  Ohio; 
Chicago,  111. ;  Duluth  and  Winona,  Minn. ;  St.  Joseph,  Mo. ;  and 
Oakland,  Cal. 

The  experience  of  the  teachers  reporting  should  be  known. 
Those  replying  have  taught  from  i  to  13  segregated  classes  in 
physics,  with  an  average  of  4  classes.  This  experience  has 
varied  from  i  to  6  semesters  with  an  average  of  2^  semesters. 
Two  thirds  of  the  teachers  reporting  have  taught  mixed  classes 
along  with  their  segregated  ones  and  are  therefore  in  a  position 
to  make  careful  comparisons.  Three  fourths  of  the  teachers 
used  the  same  topics  in  all  classes,  while  in  nearly  every  case 
the  treatment  of  these  topics  was  differentiated  for  the  segre- 
gated classes.  In  fact,  as  one  teacher  expresses  it,  "It  is  im- 
possible to  teach  a  girls'  class  as  one  would  a  boys'  class."  Many 
of  the  teachers  state  that  what  is  needed  is  not  so  much  a  dif- 
ference in  the  topics  studied  as  a  difference  in  the  treatment 
and  emphasis  of  the  topics  considered,  to  make  the  work  most 
effective  for  the  boy  and  for  the  girl.  While  many  urge  a  modi- 
fication of  the  treatment  of  topics  for  girls,  but  one  believes  the 
present  course  for  boys  requires  much  change.  In  other  words, 
the  persons  reporting  seem  fairly  well  agreed  that  the  present 
physics  course  is  a  boys^  course  and  on  the  average  is  fairly  well 
adapted  to  them,  while  with  girls  a  differentiation  of  the  treat- 
ment and  emphasis  is  found  to  add  to  the  effectiveness  of  its 
presentation. 

With  respect  to  the  subjects  in  physics,  there  is  quite  general 
agreement  that  boys  handle  mechanics  and  electricity  best  and 
a  number  add  heat  to  the  list.  There  is  also  a  consensus  of 
opinion  that  girls  do  well  in  heat,  sound,  and  light,  some  adding 
molecular  physics  and  "the  topics  of  especial  application  about 
the  home." 

Under  conditions  present  in  mixed  classes,  the  boy  is  believed 
to  do  better  work  by  a  majority  of  those  reporting,  while  in 
segregated  classes  there  is  a  preponderance  of  opinion  that  the 
girl  holds  her  own  and  often  makes  a  better  showing  than  the 
boy. 

A  striking  situation  was  developed  in  the  report  upon  the 
percentage  of  failures,  these  showing  a  variation  of  from  3% 
to  35%  in  the  several  reports.  One  teacher  reports  that  in  his 
mixed  classes  12%  of  the  boys  and  35%  of  the  girls  fail,  and 
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he  adds,  "Not  many  girls  take  physics  because  there  are  so 
many  electives  which  may  be  substituted."  Another  teacher 
who  has  had  in  his  department  8  segregated  classes  for  two 
semesters  reports  failures,  boys  io%,  girl  5%.  Another  re- 
ports having  35%  of  failures  in  mixed  classes,  25%  in  segre- 
gated classes  but  with  same  courses,  and  16%  failures  m  seg- 
regated classes  with  modified  or  differentiated  courses.  Still 
another  reports  with  mixed  classes,  failures,  boys,  3.6%,  girls» 
5.4%;  in  segregated  classes,  boys,  2.5%,  girls,  3.iyf. 

Whatever  else  is  indicated  by  these  failure  reports  there  is 
shown  a  great  difference  in  assigning  grades  between  the  teach- 
ers of  different  cities.  It  would  seem  that  when  the  percentage 
of  failure  among  third  and  fourth  year  high  school  pupils  runs 
as  high  as  one  third  of  the  class  that  there  is  something  at  fault 
somewhere. 

In  comparing  the  effectiveness  of  instruction  in  mixed  and 
segregated  classes,  all  but  one  of  those  reporting  state  that  the 
instruction  is  more  effective  in  segregated  than  in  mixed  classes 
both  with  boys  and  with  girls. 

Concerning  the  ease  in  discipline  in  mixed  and  segregated 
classes,  one  third  report  that  it  is  easier  in  segregated,  one 
third  say  that  it  makes  no  difference,  and  the  remainder  say 
that  it  is  harder  in  segregated  classes.  Since  the  chief  problem 
in  discipline  is  settled  when  the  pupil  is  interested  and  active, 
instruction  especially  adapted  to  his  needs  should  lessen  any 
difficulties  of  discipline.  Perhaps  the  variation  in  replies  upon 
this  point  may  be  accounted  for  by  the  fact  that  experience  has 
shown  that  some  teachers  are  adapted  to  handle  girls'  classes, 
others  boys'  classes,  while  some  do  well  with  either.  A  teach- 
er's success  with  mixed  classes,  strange  as  it  may  seem,  is  no 
certain  criterion  of  his  results  with  segregated  ones. 

Respecting  the  aptitudes  of  the  two  sexes,  all  but  one  state 
that  the  girls  are  more  faithful  and  prepare  their  lessons  better 
than  the  boys.  All  but  two,  however,  give  boys  credit  for  solv- 
ing problems  better  than  the  girls,  especially  originals.  One 
says  that  the  girls  do  better  when  a  "model"  problem  is  given. 
A  majority  agree  that  laboratory  work  appeals  better  to  the 
boy  than  to  the  girl,  though  some  say  that  there  is  little  real  dif- 
ference between  them  and  that  it  depends  upon  the  exercise  or 
experiment. 

One  third  of  those  reporting  believe  that  the  boys  are  better 
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adapted  to  the  laboratory  or  inductive  method  of  study  while 
as  many  others  believe  there  is  no  difference  between  the  sexes 
on  this  point ;  the  remamder  express  no  opinion. 

One  half  say  that  the  recitation  or  deductive  method  of  study 
is  better  adapted  to  the  girls,  though  nearly  as  many  believe 
that  there  is  little  difference  here. 

There  is  general  agreement  that  the  demonstration  experi- 
ment is  equally  adapted  to  both.  Concerning  the  attitude  of  the 
pupil  toward  segregation  but  five  reported,  all  of  these  saying 
that  it  was  favored  by  the  pupils. 

As  in  every  questionnaire,  some  questions  have  been  raised 
to  which  the  answers  show  no  consensus  of  opinion.  This  may 
be  illustrated  by  the  answers  to  the  question,  "Does  the  boy  or 
girl  do  better  work  in  physics?"  One  half  say  the  boys,  one 
fourth  the  girls,  and  one  fourth  that  there  is  no  difference. 
The  percentage  of  failures  also  shows  great  variation,  though  too 
few  answered  this  to  give  a  complete  expression  of  practice. 
The  two  reporting  both  on  mixed  and  segregated  classes  show 
about  two  thirds  the  failures  with  segregated  classes  as  with 
mixed.  This  incomplete  report  upon  the  percentage  of  failures 
emphasizes  the  fact  that  teachers  do  not  as  a  usual  thing  suffi- 
ciently appreciate  the  importance  of  preserving  their  records  in 
order  that  the  statistics  therein  contained  may  be  available  when 
needed.  The  facts  from  school  records  speak  for  themselves, 
while  opinions  are  often  discounted. 

Concerning  the  aptitude  of  boys  and  girls  for  the  inductive 
or  laboratory  method  of  instruction  and  the  deductive  or  reci- 
tation method,  little  of  agreement  was  obtained. 

On  the  other  hand,  there  seems  to  be  what  may  be  called  a 
consensus  of  opinion  upon  several  topics : 

First,  there  appears  to  be  substantial  agreement  that  radical 
modification  of  the  course  in  physics  is  not  desirable  for  either 
the  boy  or  the  girl. 

All  but  one  say  that  boys  excel  in  applying  problems  and  lab- 
oratory work  to  practical  affairs.  The  one  says  that  girls  do 
better  in  segregated  classes. 

That  the  boys  acquire  facility  in  laboratory  technique  easier 
than  girls  is  the  observation  of  two  thirds  of  those  reporting, 
though  some  find  little  difference. 

On  the  other  hand,  all  but  one  report  that  the  girl  prepares 
a  neater  record  of  her  laboratory  work  than  the  boy. 
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Second,  while  this  is  true,  there  is  also  a  general  expression 
of  opinion  from  most  of  those  who  have  taught  segregated 
classes  more  than  two  semesters  that  the  treatment  of  the  topics 
presented  in  the  girls'  classes  should  be  considerably  modified, 
especial  attention  being  given  to  heat,  sound,  light,  and  molec- 
ular physics  and  "the  physics  of  the  home,"  as  one  man  puts 
it  as  distinguished  from  "the  physics  of  the  shop."  "More  do- 
mestic science  applications"  is  the  suggestion  of  another.  An- 
other says  that  his  work  in  girls'  classes  "differs  in  method  of 
presentation  and  illustration." 

Third,  There  is  general  agreement  that  the  present  course  is 
well  adapted  to  boys,  particularly  if  "practical  applications"  and 
the  "physics  of  the  shop"  are  emphasized  together  with  the  sub- 
jects of  mechanics,  heat,  and  electricity. 

Fourth,  All  but  one  of  the  replies  to  the  question :  Is  instruction 
more  or  less  effective  in  segregated  as  compared  with  mixed 
classes?  state  that  the  instruction  in  segregated  classes  is  more 
effective.    Some  are  quite  emphatic  about  it. 

Fifth,  Concerning  the  aptitudes  of  boys  and  girls  for  different 
phases  of  the  work  in  physics,  it  is  generally  agreed  that  boys 
are  better  in  laboratory  work,  in  problems,  in  practical  applica- 
tions, in  developing  a  scientific  habit  of  thought,  and  in  developing 
facility  in  laboratory  technique;  while  the  girl  is  more  careful 
and  conscientious  and  better  prepares  her  home  work  and  labora- 
tory notes. 

Sixth,  All  of  those  reporting  the  attitude  of  the  pupils  toward 
segregation  state  that  the  pupils  favor  it.  Several  say  they  do 
not  know.  I  believe  it  is  a  good  thing  to  go  sometimes  to  your 
own  pupils  for  information.  One  teacher  reports:  "Boys  and 
girls  are  applying  for  segregated  classes  to  start  next  semester." 
Another:  "My  girls  say  they  feel  freer  to  express  themselves 
when  by  themselves."  Another :  "Active  workers  prefer  segrega- 
tion." 

In  conclusion,  this  question  has  shown  a  widespread  interest 
in  the  question  of  segregating  boys  and  girls  in  high  school 
classes  in  physics.  Practically  all  of  those  who  have  tried  the 
plan  give  favorable  reports  and  express  no  intention  of  abandon- 
ing the  plan,  on  the  contrary,  many  are  enthusiastic  about  it. 
One  says :  "This  is  our  first  trial  of  segregated  classes  in  physics. 
So  far  I  have  found  it  a  great  improvement  over  mixed  classes." 
One  teacher  speaks  of  the  advantage  of  greater  freedom  of  ex- 
pression in  segregated  classes  and  the  more  nearly  equal  expe- 


Digitized  by  LjOOQIC 


PHYSICS  IN  SBGRBGATBD  CLASSES  25 

rience  of  the  class  when  reciting.  Another  refers  to  the  opportu- 
nity that  segregation  gives  for  the  right  amount  of  time  and 
emphasis  upon  important  subjects;  one  sex  requiring  more  time 
than  the  other  for  developing  the  ideas  and  principles.  Still 
another  states  the  situation  in  the  usual  mixed  classes  admirably : 
''One  of  the  chief  obstacles  to  the  best  success  in  the  teaching 
of  physics  is  the  heterogeneous  character  of  the  class.  The  fund 
of  experience,  the  interests  and  aptitudes,  and  the  present  and 
future  needs  of  the  pupil  are  factors  which  should  largely  de- 
termine the  matter  and  the  method  of  the  course,  and  these  fac- 
tors, as  they  apply  to  the  different  individuals  of  a  typical  physics 
class,  are  irreconcilably  different.  To  compromise  difference  on 
the  basis  of  the  average  pupil,  is  lamentably  unsatisfactory ;  for 
the  average  pupil,  so  far  from  being  in  the  majority,  is — like 
averages  in  general — ^a  mathematical  fiction." 

Many  teachers  who  have  not  tried  the  plans  are  seriously  con- 
sidering the  advisability  of  doing  so.  Here  are  some  of  the  ex- 
pressions in  their  cards  and  letters : 

1.  "We  are  considering  the  matter.  Prefer  to  wait  for  re- 
ports." 

2.  "We  are  going  to  try  it." 

3.  "Favor  scheme,  cannot  segregate." 

4.  "We  are  hoping  to  segregate  in  the  future." 

5.  "Have  thought  of  trying  segregation.  Would  like  very 
much  to  have  the  report." 

6.  "Intend  to  follow  such  a  plan  in  the  evening  schools." 

7.  "If  I  could  be  free  from  college  control  I  would  try  to 
give  the  girl  such  portions  as  have  the  strongest  appeal  to  her 
and  have  considerable  cultural  value  at  the  same  time.  If  free 
from  the  restraint  just  mentioned,  really  a  positive  embargo,  I 
would  give  to  the  average  high  school  boy  a  course  in  practical 
physics  in  the  full  sense  of  the  term.  I  would  try  to  contribute 
my  share  toward  giving  him  something  to  make  him  feel  in  later 
life  that  the  content  of  his  high  school  work  was  'worth  while.' 
Such  a  course  could  be  culturally  quite  as  strong  as  the  affected 
'pure'  physics  most  of  us  present." 

A  summary  of  the  results  of  this  questionnaire  indicate: 

1st,  That  in  segregated  classes  radical  modification  of  the  topics 

of  the  course  in  physics  is  neither  necessary  nor  desirable. 
2nd,  The  treatment  of  the  topics  presented  should  be  adapted 

to  the  needs  of  the  individuals  in  the  classes. 
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3rd,  The  present  course  in  mixed  classes  is  better  adapted  to 
boys  than  to  girls. 

4th,  Instruction  in  segregated  classes  when  properly  conducted 
is  more  effective  than  in  mixed  classes. 

5th,  In  general,  boys  and  girls  show  different  aptitudes  toward 
different  phases  of  the  work  in  physics. 

6th,  The  pupils  like  segregation. 

7th,  There  is  a  healthy  spirit  of  inquiry  and  investigation  con- 
cerning the  most  effective  methods  of  teaching  physics  in  many 
of  our  progressive  high  schools. 

This  investigation  indicates  that  segregation  has  resulted  in 
more  efficient  teaching.  Whatever  of  improvement  may  have 
been  occasioned  by  segregating  the  classes  in  physics ;  undoubt- 
edly some  of  the  increase  in  efficiency  has  been  due  to  the  stim- 
ulus that  always  comes  when  teachers  study  the  effectiveness  of 
their  work  while  employing  a  new  educational  procedure. 
Recom  mendation. 

Practically  all  of  tlie  teachers  who  have  reported  upon  segre- 
gated classes  in  physics  show  that  increased  efficiency  has  re- 
sulted from  the  plan. 

This  committee  therefore  recommends  to  physics  teachers 
the  desirability  of  trying  at  the  first  opportunity  the  following 
educational  experiment : 

Arrange  your  pupils  in  physics  so  that  you  have  a  class  of 
boys,  a  class  of  girls,  and  if  possible,  as  a  basis  for  comparison, 
a  mixed  class.  Or,  this  may  mean  a  boys'  or  a  girls'  class  with 
a  mixed  class. 

Jt  may  make  the  inauguration  of  the  plan  easier  if  it  is  an- 
nounced that  the  same  topics  will  be  considered  in  all  courses, 
but  that  the  treatment  of  these  topics  in  the  segregated  classes 
will  be  such  as  to  make  the  work  more  helpful  to  the  boys  and 
girls  concerned. 

It  may  also  simplify  the  matter  to  call  the  boys'  course  the 
science  course;  the  girls'  course  the  domestic  science  or  normal 
school  course;  and  the  course  for  the  mixed  classes  the  general 
course. 

Any  teacher  trying  the  experiment  is  requested  to  report  the 
results  of  the  experiment  to  this  committee.  If  possible,  give 
percentages  of  grades  and  failures.  Include  as  well  the  results 
of  other  tests  of  efficiency  that  may  be  employed. 

Willis  E.  Tower,  Chairman. 
Chas.  M.  Bronson. 
Frank  E.  Goodell. 


Digitized  byLjOOQlC 


MATHEMATICAL  ENCYCLOPEDIAS  27 

MATHEMATIOAL  EN0T0LOPEDIA8. 

By  G.  a.  Miller, 
University  of  Illinois, 

In  comparison  with  the  past  this  is  an  age  of  mathematical 
encyclopedias.  Yet  the  work  is  going  on  so  quietly  that  few 
people  realize  the  enormous  amount  of  energy  that  is  now  being 
devoted  toward  the  preparation  and  publication  of  great  mathe- 
matical works  of  reference.  It  is  true  that  the  English-speak- 
ing people  have  thus  far  had  only  a  very  minor  part  in  this  great 
recent  development  which  started  in  Germany  about  fifteen  yean 
ago  and  is  at  the  present  time  being  advanced  in  France  with 
even  greater  vigor  than  in  Germany,  while  Italy  has  taken  im- 
portant steps  toward  further  progress. 

Recently  the  great  publishing  firm  of  B.  G.  Teubner,  Leipzig 
and  Berlin,  which  sends  out  from  its  presses  about  two  and  a 
half  million  books  yearly,  issued  the  fifteenth  edition  of  its  cir- 
cular in  reference  to  the  great  encyclopedia  bearing  the  title: 
"Encyklopaedie  der  Mathematischen  Wissenschaften  mit  Ein- 
schluss  ihrer  Anwendungen."  This  circular  describes  both  the 
German  and  also  the  French  edition.  The  latter  edition  is  not 
merely  a  translation  of  the  former.  In  fact,  parts  of  it  are  so 
much  enlarged  and  changed  that  one  scarcely  thinks  of  the  orig- 
inal in  reading  this,  while  other  parts  have  not  been  materially 
altered.  The  French  edition  aims  to  retain  the  essential  traits 
of  the  German  edition  and  to  take  account  of  the  French  tradi- 
tions and  habits  as  regards  lucid  exposition. 

The  vastness  of  the  work  may  be  inferred  from  the  fact  that 
the  published  parts  of  the  German  edition  would  fill  more  than 
a  score  of  volumes  of  four  hundred  pages  each  although  a  large 
part  of  the  field  has  not  yet  been  covered ;  and,  judging  from  the 
parts  of  the  French  that  have  appeared  this  edition  will  be  at 
least  twice  as  large  as  the  German.  For  instance,  the  number  of 
pages  in  the  published  parts  of  Volume  I  of  both  of  these  two 
editions  are  as  follows ;  the  first  number  applying  to  the  German 
edition.  Fundamental  principles  of  arithmetic  27,  62 ;  combina- 
tory analysis  and  determinants,  19,  70;  irrational  numbers  and 
convergence  of  infinite  processes  with  real  numbers  100,  196; 
ordinary  and  higher  complex  numbers,  37,  140;  infinite  algo- 
rithms with  complex  numbers,  8,  20;  theory  of  sets  24,  42;; 
finite  discrete  groups  19,  85. 

The  object  of  this  great  work  of  reference  is  to  give  as  cont^ 
pletely  as  possible  the  fully  established  mathematical  results  and 
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to  exhibit  by  means  of  careful  references  the  historical  develop- 
ment of  mathematical  methods  since  the  beginning  of  the  nine- 
teenth century.  The  work  is  not  restricted  to  the  so-called  pure 
mathematics,  but  it  includes  applications  to  mechanics,  physics, 
astronomy,  geodesy  and  various  other  technical  subjects,  so  as 
to  exhibit  in  toto  the  position  occupied  by  mathematics  in  the 
present  state  of  our  civilization. 

While  such  a  vast  work  will  naturally  appeal  to  those  inter- 
ested in  higher  mathematics  more  than  to  those  whose  main  in- 
terests are  confined  to  the  more  elementary  subjects,  yet  the 
latter  will  find  much  that  is  within  their  easy  comprehension,  es- 
pecially in  the  introductory  parts  of  arithmetic,  geometry,  and 
algebraic  analysis.  Moreover,  it  is  of  considerable  value  to  read 
things  once  and  a  while  which  are  not  within  one's  easy  compre- 
hension. Great  thoughts  can  sometimes  be  enjoyed  even  by  those 
who  cannot  comprehend  them  completely,  and  a  superficial  view 
of  the  vastness  of  the  developed  parts  of  mathematics  may  some- 
times suffice  to  replace  a  large  part  of  our  self-conceit  as  regards 
tfonor  attainments  by  a  spirit  which  is  much  more  valuable  for  our 
^wxi  development  and  which  saves  our  friends  from  much  an- 
tioyance. 

Those  who  are  inclined  to  be  discouraged  at  times  by  the  lack 
of  general  interest  in  mathematics  should  take  new  courage  from 
the  fact  that  there  was  a  considerably  greater  demand  for  the 
German  edition  than  had  been  expected.  In  fact  the  supply  of 
the  first  volume,  covering  more  than  a  thousand  pages,  has  al- 
ready been  exhausted  although  the  entire  work  is  far  from  being 
complete.  The  publishers  are  advising  those  who  are  interested 
to  secure  the  first  volume  in  French  and  state  in  their  announce- 
ments that  the  French  edition  is  both  larger  and  better  than  the 
German.  It  is  encouraging  to  know  that  this  great  work  has 
been  made  accessible  to  such  a  large  number  of  readers  since 
its  use  must  tend  to  raise  very  materially  the  standard  of  other 
mathematical  publications.  Anyone  who  offers  for  publication 
as  new  things  contained  in  the  great  encyclopedia  may  find  sym- 
pathy for  his  ignorance  but  he  is  not  apt  to  find  an  excuse  for  it. 

The  Italians  have  started  a  large  encyclopedia  on  elementary 
mathematics  and  the  firm  of  B.  G.  Teubner  expects  to  bring  out 
a  German  edition  of  this  work  also.  As  it  is  now  planned  it  will 
consist  of  forty- four  mographs  bearing  the  following  headings: 
Logic  of  mathematics;  elementary  arithmetic;  theory  of  num- 
bers ;  the  notion  of  number  and  its  extensions ;  limits,  series,  con- 
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tinued  fractions,  and  infinite  products;  progressions  and  loga- 
rithms; literal  calculus  and  algebraic  identities;  combinatory 
analysis,  determinants,  and  linear  equations ;  equations  whose  de- 
grees exceed  unity ;  algebraic  problems  and  their  discussion ;  ele- 
ments of  the  infinitesimal  calculus;  relations  between  analysis 
and  elementary  algebra;  elementary  properties  of  plane  and 
space  figures ;  theory  of  measure  and  applications ;  geometry  of 
the  triangle  and  of  the  tetrahedron;  regular  and  star  polygons 
and  polyhedrons;  elementary  geometric  transformations;  linear 
systems  of  circles  and  spheres ;  geometry  on  the  sphere ;  sections 
of  the  cylinder  and  the  circular  cone;  maxima  and  minima  in 
geometry;  methods  of  solution  of  geometric  problems  and  classic 
problems;  foundations  of  elementary  geometry;  circular  and 
h)rperbolic  functions,  and  plane  and  spherical  trigonometry ;  vec- 
torial calculus;  elements  of  analytic  geometry;  elements  of  pro- 
jective geometry;  elements  of  descriptive  geometry;  special 
curves  and  surfaces ;  non-Euclidean  geometry ;  non-Archimedean 
geometry;  geometric  representation  of  complex  numbers;  rela- 
tions between  elementary  geometry  and  the  theories  of  higher 
geometry;  units  of  measure;  numerical  approximations  and 
graphic  calculus;  calculus  of  probability  and  the  theory  of 
errors;  elementary  applications  of  mathematics  to  the  physical 
sciences;  mathematics  of  statistics;  mathematics  of  finance;  his- 
tory of  elementary  mathematics;  didactic  methods  and  text- 
boc4cs;  mathematical  recreations;  instruments;  models. 

From  these  headings  and  from  the  standing  of  the  men  who 
have  undertaken  the  preparation  of  these  monographs,  it  appears 
that  Italy  and  Germany,  in  view  of  the  German  edition,  will 
soon  have  a  work  which  will  be  extremely  useful  to  the  teachers 
of  secondary  mathematics.  It  is  to  be  hoped  that  these  activi- 
ties in  other  countries  will  tend  to  attract  attention  to  the  great 
need  of  similar  works  in  English.  Those  whose  main  interests 
are  in  higher  mathematics  are  generally  in  position  to  use  the 
works  in  other  languages,  but  this  is  not  generally  true  as  re- 
gards those  whose  main  interests  relate  to  the  more  elementary 
subjects.  Hence  the  need  of  an  English  encyclopedia  on  sec- 
ondary mathematics  is  especially  demanding  attention  and  it  is 
to  be  hoped  that  this  need  will  receive  due  consideration  in  the 
near  future. 

The  developed  parts  of  mathematics  are  getting  so  extensive 
that  the  problem  of  transportation  is  becoming  more  serious  and 
more  complicated.    In  the  early  days  books  sufficed.    These  may 
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be  compared  to  the  heavily  loaded  and  slow  stages  of  the  past. 
They  were  followed  by  the  periodicals  which  correspond  to  rail- 
roads as  regards  the  improvement  as  to  more  rapid  and  better 
service.  With  this  improvement  has  come  a  very  large  increase 
of  traffic  just  as  has  been  the  case  as  regards  railroads.  We 
now  need  more  books  on  books,  corresponding  perhaps  to  our 
telegraphs  and  telephones,  if  we  are  allowed  to  carry  the  above 
comparison  a  step  further.  The  whole  intellectual  life  of  the 
world  is  affected  most  profoundly  by  improvements  as  regards 
transportation  of  intellectual  advances,  and  this  furnishes  a  rea- 
son for  being  deeply  interested  in  the  present  movement  toward 
great  mathematical  encyclopedias. 


THE  IMPORTANCE  OF  MATHEMATICAL  TBAININa  TO 
SCIENCE  TE   CHEBS.' 

By  a.  F.  Cat  penter, 
University  of  iVashington, 

Every  individual  capable  of  exercising  that  function  of  the 
mind  called  judgment  has  a  creed,  even  though  he  may  never 
have  gone  so  far  as  to  formulate  it  into  a  profession  of  faith. 
From  the  mathematical  standpoint  at  least,  the  man  who  says, 
"I  believe  nothing,"  possesses  a  creed  in  just  as  true  a  sense 
as  the  one  whose  articles  of  faith  would  fill  a  volume.  Indeed, 
the  former  has  a  decided  advantage  over  the  latter  when  it 
comes  to  giving  reasons  for  the  faith  that  is  in  him.  In  view 
of  this  fact  it  will  be  the  part  of  caution  to  base  the  present 
discussion  on  a  creed  consisting  of  but  a  single  article  and  on 
one  also  to  which  teachers  of  science  will  no  doubt  subscribe, 
namely — science  teachers  should  have  the  first  word  and  the 
last  word  not  only  in  the  matter  of  their  own  training  but 
also  in  fixing  upon  the  most  satisfactory  methods  of  present- 
ing the  subject-matter  to  their  students. 

It  is  the  purpose  of  this  paper  to  criticise  neither  the  one 
nor  the  other.  It  is  quite  unnecessary  to  assume  that  the 
average  teacher  of  physics  has  had  insufficient  mathematical 
training,  in  order  to  prove  that  a  considerable  amount  of  that 
same  training  will  be  of  great  benefit  to  him.  Neither  must  it 
be  maintained  that  the  average  teacher  of  chemistry  is  igno- 

iRead  before  the  Mathematics  Science  Section  of  the  Washla^ton  Sducational  Ano- 
ication.  December,  1910. 
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rant  of  mathematical  methods  of  presentation,  in  order  to 
show  that  those  same  methods  may  be  used  to  advantage  in 
his  classes.  Neither  assumption  is  to  be  made;  and  if  at  any 
point  the  spirit  of  criticism  becomes  manifest  it  will  be  found, 
when  traced  to  its  source,  to  -emanate  not  from  mathemati- 
cians but  from  those  very  men  whose  scientific  standing  is 
unquestioned. 

Finally,  it  must  not  be  supposed  that  an  attempt  to  show 
wherein  science  teachers  will  benefit  by  mathematical  training 
is  equivalent  to  a  denial  of  the  .truth  of  the  converse  proposi- 
tion. Quite  as  much  might  be  said  on  the  importance  of 
scientific  training  to  mathematics  teachers.  No  one  who  has 
taught  mathematics  for  any  considerable  length  of  time  will 
deny  that  his  success  in  that  direction  depends  in  a  great 
degree  upon  the  thorou^jhness  with  which  he  has  mastered 
the  sciences. 

To  speak  positively,  the  int(?ntion  is  to  establish  the  neces- 
sity for  mathematically  trained  teachers  of  science  by  show- 
ing: first,  that  mathematics  is  nothing  less  than  nature  in 
the  abstract;  second,  that  to  think  scientifically  is  to  think 
mathematically;  third,  that  the  natural  sciences  can  best  be 
presented  to  the  student  by  those  methods  which  should  char- 
acterize the  teaching  of  mathematics;  fourth,  that  mathematics 
furnishes  the  best  and  only  available  symbolism  for  accurately 
expressing  scientific  truths ;  and  fifth,  that  important  advances 
and  new  developments  in  many  branches  of  science  can  most 
reasonably  be  hoped  for  through  the  application  of  mathemat- 
ical principles.  It  is  hoped  also  to  indicate  in  a  general 
way  the  minimum  of  mathematical  training  consistent  with 
success  in  the  field  of  science  teaching. 

That  every  phenomenon  in  nature  as  seen  and  interpreted 
by  the  htmian  mind  has  its  exact  counterpart  in  mathematics, 
is  a  statement  which  is  difficult  to  prove  and  equally  hard  to 
controvert.  To  prove  its  falsity  it  is  not  sufficient,  as  might 
at  first  be  supposed,  to  show  up  an  instance  in  which  it  does 
not  hold,  since  such  a  disproof  would  presuppose  not  only 
that  mathematics  in  its  present  state  permits  of  no  further 
development,  but  also  that  the  mind  is  incapable  of  error  in 
interpreting  the  natural  phenomenon  in  question.  On  the 
other  hand,  illustrations  of  the  truth  of  the  proposition  are 
plentiful. 
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For  centuries  astronomers  supposed  the  earth  to  be  the 
center  about  which  revolved  the  sun,  moon,  and  stars,  and 
to  account  for  the  eccentric  motions  of  some  of  them,  the 
the  wise  ones  were  kept  busy  inventing  explanations.  For 
centuries,  too,  had  the  mathematicians  been  admiring  the 
beauties  of  the  conic  section  as  displayed  by  its  many  proper- 
ties. But  one  day  it  was  discovered  that  the  explanation  of 
the  one  was  indeed  the  application  of  the  other  and  that  for 
ages  before  man  began  to  contemplate  the  heavens,  the  planets 
had  been  swinging  about  their  elliptic  orbits  obeying  mathe- 
matical laws  yet  undiscovered -by  the  human  mind.  But  vast 
dimensions  are  not  a  prerequisite  for  the  workings  of  nature. 
Quite  as  startling  changes  are  brought  about  in  the  twinkling  of 
an  eye  and  the  fraction  of  an  inch  as  ever  transpired  during 
millions  of  years  over  unthinkable  distances.  The  chemist, 
dealing  with  nature  in  her  minutest  manifestations,  was  long 
aware  of  the  existence  of  certain  unknown  laws  governing 
the  velocity  of  chemical  reaction.  The  truth  was  finally  re- 
vealed in  a  differential  equation.  That  most  common  phenom- 
enon of  the  physics  laboratory,  harmonic  motion,  is  but  the 
material  exemplification  of  the  periodic  function  concept  in 
mathematics.  Specific  instances  need  not  be  multiplied.  The 
study  of  nature  in  any  of  its  phases  is  necessarily  a  contempla- 
tion of  that  most  salient  feature  of  natural  phenomenon — 
change,  variation.  But  variation  is  the  foundation  upon  which 
has  been  built  the  most  important  single  branch  of  mathe- 
matics, the  calculus.  Calculus  is  truly  "the  mathematics  of 
nature,"  Kepler  but  formulated  the  truth  which  all  scientists 
must  acknowledge  when  he  said,  "The  laws  of  nature  are  but 
the  mathematical  thoughts  of  God." 

A  single  type  of  thought  characterizes  all  scientific  investi- 
gations whether  they  be  physical,  chemical,  biological,  or  in- 
deed any  one  of  the  score  or  more  branches  constituting  the 
natural  sciences.  Primarily  the  mind  must  grasp  the  situa- 
tion, it  must  perceive  correctly  existing  conditions  and  decide, 
in  a  general  way  at  least,  the  end  toward  which  the  investiga- 
tion is  directed.  Next,  having  observed  carefully  the  results 
of  a  sufficient  number  of  experiments,  it  must  sift  out  and 
systematically  catalog  those  facts  which  have  a  bearing  on 
the  question  at  issue.  By  a  proper  association  of  these  facts 
after  careful  scrutiny  to  avoid  errors,  it  must  then  draw 
whatever  conclusion  is  possible.     Finally  it  must  enumerate 
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all  variations  of  the  conclusion  under  different  combinations 
of  initial  conditions.  The  exact  similarity  between  this  type 
of  thought  and  that  by  means  of  which  mathematical  investi- 
gations are  carried  forward  is  striking.  The  mathematician 
must  understand  his  data  and  should  be  able  in  a  measure  to 
anticipate  the  nature  of  his  results.  By  applying  already 
known  mathematical  laws  to  the  data  in  hand,  that  is,  by 
mathematical  experimentation,  observing  at  the  same  time  the 
results  of  their  applications,  he  is  enabled  to  choosy  from 
them  and  arrange  carefully  such  facts  as  point  toward  the 
desired  end.  This  being  done,  the  conclusion  is  a  necessary 
consequence  and  it  remains  only  to  round  out  the  investiga- 
tion by  citing  all  cases  possible  under  the  original  assump- 
tions. John  Stuart  Mill  makes  clear  the  relation  of  mathemat- 
ical to  scientific  methods  of  thought.  He  says,*  "The  value 
of  mathematical  instruction  as  a  preparation  for  those  more 
difficult  investigations,  consists  in  the  applicability  not  of  its 
doctrines  but  of  its  methods.  Mathematics  will  ever  remain 
the  past  perfect  type  of  the  deductive  method  in  general ;  and 
the  applications  of  mathematics  to  the  simpler  branches  of 
physics  furnish  the  only  school  in  which  philosophers  can  effectu- 
ally learn  the  most  difficult  and  important  portion  of  their  art, 
the  employment  of  the  laws  of  simpler  phenomena  for  explain- 
ing and  predicting  those  of  the  more  complex.  These  grounds 
are  quite  sufficient  for  deeming  mathematical  training  an 
indispensable  basis  of  real  scientific  education,  and  regarding, 
with  Plato,  one  who  is  dytinfAerpftjroi^  as  wanting  in  one 
of  the  most  essential  qualifications  for  the  successful  cultiva- 
tion of  the  higher  branches  of  philosophy."  To  quote  again,* 
"It  is  only  through  mathematics  that  we  can  thoroughly  un- 
derstand what  true  science  is.  Here  alone  can  we  find  in 
the  highest  degree  simplicity  and  severity  of  scientific  law, 
and  such  abstraction  as  the  human  mind  can  attain.  Any 
scientific  education  setting  forth  from  any  other  point  is 
faulty  in  its  basis." 

A  discussion  of  methods  of  teaching  would  be  quite  out  of 
place  here.  No  one  method  may  be  used  to  the  exclusion 
of  all  others  and  the  best  method  is  the  one  which  produces 
the  best  results.     While  differences    in    class    room    methods 


Ij.  S.  Mill.  Systems  of  I«Offic,  Bk.  Ill,  Chsp.  XXIV,  paraffrsph  9. 
SComte.  Positive  Philosophy.  Bk.  I,  Chsp.  I. 
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will  be  determined  to  a  great  extent  by  the  subject-matter 
discussed  these  differences  are  reduced  to  a  minimum  in  a 
comparison  of  methods  used  in  mathematics  and  the  natural 
sciences.  The  study  of  mathematics  requires  quite  as  much 
inductive  as  deductive  reasoning,  and  it  should  be  ^taught 
with  that  truth  constantly  in  mind.  A  teacher  of  a  class  in 
mathematics  should  explain  as  little  of  the  theory  and  illus- 
trate with  as  few  examples  as  will  give  the  student  an  insight 
into  the  work  in  hand.  The  student  is  then  in  a  position 
to  solve  for  himself  a  list  of  problems,  varying  in  detail  and 
of  increasing  difficulty.  Careful  inspection  of  the  results 
of  a  sufficient  number  of  such  problems  will  enable  him  to 
formulate,  with  fair  degree  of  accuracy,  the  general  principle, 
which  may  then  with  the  teacher's  oversight  and  suggestion 
be  worked  out  deductively.  By  reading  "science"  for  "mathe- 
matics," "perform"  for  "solve,"  and  "experiment"  for  "exam- 
ple" and  "problem,"  the  preceding  sentences  will  be  found  to  de- 
scribe with  surprising  accuracy  a  successful  method  of  conducting 
class  work  in  the  sciences,  one,  indeed,  which  with  slight  varia- 
tions is  used  in  the  majority  of  cases.  President  Remsen, 
in  his  address  before  the  American  Federation  of  Teachers  of 
Mathematics  and  Natural  Sciences,*  emphasized  the  applica- 
bility of  the  methods  of  mathematics  to  the  teaching  of  the 
sciences.  He  said  in  part,  "The  second  important  defect  in 
the  present  teaching  of  chemistry  in  college  is  the  absence  of 
repetition.  There  is  a  little  about  a  great  number  of  things. 
We  cover  too  much  ground;  the  student  gets  only  a  veneer. 
Knowledge  of  this  sort  is  not  of  much  use  and  the  drill  given 
by  such  study  is  not  effective.  We  must  introduce  into 
science  teaching  the  drill  element  that  comes  only  from  repeti- 
tion that  is  characteristic  of  mathematics." 

The  wonderful  progress  made  in  every  phase  of  life  during 
the  last  hundred  years .  has  been  possible  only  through  the 
increasing  use  of  symbols.  To-day,  only  the  common  laborer 
works  entirely  with  the  actual  things.  Those  who  occupy 
more  remunerative  positions  in  the  business  world  work  very 
largely  with  symbols,  and  in  the  professional  world  the  pos- 
session of  and  ability  to  use  a  set  of  symbols  is  a  prerequisite 
of  even  moderate  success.  The  work  of  a  man's  hands  re- 
mains after  the  worker  has  gone  but  the  products  of  mental 


^ra  Remsen.  Presidential  Address  before  the  American  Federation  of  Teacfaers  of 
Mathematics  and  Natural  Sciences,  Dec.,  1908. 
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labor  are  lost  unless  they  are  preserved  to  the  world  through 
some  symbolic  medium.  It  may  be  said  without  fear  of 
successful  contradiction  that  the  language  of  mathematics  is 
the  most  widely  used  of  any  symbolism.  The  man  who  has 
command  of  it  possesses  a  clear,  concise,  and  universal  lan- 
guage. Fallacies  in  reasoning  and  discrepancies  in  conclu- 
sions are  easily  detected  when  ideas  are  expressed  in  this 
language.  The  most  abstruse  problem  is  immediately  clari- 
fied when  translated  into  mathematics.  To  quote  from  M. 
Berthelot,*  "Mathematics  excites  to  a  high  degree  the  con- 
ceptions of  sig^s  and  symbols — necessary  instruments  to  ex- 
tend the  power  and  reach  of  the  human  mind  by  summarizing. 
Mathematics  is  the  indispensable  instrument  of  all  physical 
research."  But  not  only  physical  but  all  scientific  research 
must  avail  itself  of  this  same  instrument.  Indeed,  so  com- 
pletely is  nature  mathematical  that  to  him  who  would  know 
nature  there  is  no  recourse  but  to  be  conversant  with  the 
language  of  mathematics. 

That  the  scientist  has  already  recognized  the  value  of 
mathematics  as  a  scientific  language  is  apparent,  although 
a  full  recognition  of  this  fact  has  come  only  within  the  last 
fifty  years.  In  speaking  of  that  monumental  work  by  J. 
Willard  Gibbs,  "On  the  Equilibrium  of  Heterogeneous  Sub- 
stances," Bumstead  says,*  "It  is  quite  out  of  the  question 
to  give,  in  brief  compass,  anything  approaching  an  adequate 
outline  of  this  remarkable  work.  It  is  universally  recognized 
that  its  publication  was  an  event  of  the  first  importance  in  the 
history  of  chemistry,  that,  in  fact,  it  founded  a  new  depart- 
ment of  chemical  science.  *  *  *  Nevertheless  it  was  a 
number  of  years  before  its  value  was  generally  known ;  thia 
delay  was  due  largely  to  the  fact  that  its  mathematical  form 
and  rigorous  deductive  processes  make  it  difficult  reading 
for  anyone,  and  especially  so  for  students  of  experimental 
chemistry  whom  it  most  concerns ;  twenty-five  years  ago  there 
was  relatively  only  a  small  number  of  chemists  who  possessed 
sufficient  mathematical  knowledge  to  read  easily  even  the 
simpler  portions  of  the  paper.  *  *  *  At  the  present  time^ 
however,  the  great  value  of  its  methods  and  results  are  fully 
recognized  by  all  students  of  physical  chemistry." 


^M.  Berthclot,  Sdcnce  as  aa  Inatrnmcnt  of  Bducation.  Popular  Science  Monthly.  Vol. 
51.  p.  253. 

^Sciendfic  Papcra  of  J.  Willard  Gibba.  Historical  Note. 
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Present-day  scientific  research  is  being  carried  forward 
quite  as  much  from  the  mathematical  standpoint  as  through 
purely  experimental  methods  nor  is  it  reasonable  to  suppose 
that  further  advances  can  be  made  without  the  assistance 
of  mathematical  processes.  The  discovery  of  the  planet  Nep- 
tune was  a  mathematical  victory  and  was  prophetic  of  the  part 
which  mathematics  was  later  to  play  in  the  advancement  of 
science.  Professor  J.  J.  Thomson,  speaking  before  the  British 
Association  for  the  Advancement  of  Science,*  said,  "I  do  not 
for  a  moment  urge  that  the  physicist  should  confine  himself 
to  looking  at  his  problems  from  the  mathematical  point  of 
view.  *  *  *  But  two  points  of  view  are  better  than  one, 
and  the  physicist  who  is  also  a  mathematician  possesses  a 
most  powerful  instrument  for  scientific  research  with  which 
many  of  the  greatest  discoveries  have  been  made ;  for  example, 
electric  waves  were  discovered  by  mathematicians  long  before 
they  were  detected  in  the  laboratory.  *  *  *  Again,  it  often 
happens  that  we  are  not  able  to  appreciate  the  full  significance 
of  some  physical  discovery  until  we  have  subjected  it  to 
mathematical  treatment,  then  we  find  that  the  effect  we 
have  discovered  involves  other  effects  which  have  not  been 
detected  and  we  are  able  by  this  means  to  duplicate  the  dis- 
covery. Thus,  James  Thomson,  starting  from  the  fact  that 
ice  floats  on  water,  showed  that  it  follows  by  mathematics 
that  ice  can  be  melted  and  water  prevented  from  freezing  by 
pressure.  This  effect  which  was  at  that  time  unknown  was 
afterward  verified  by  his  brother,  Lord  Kelvin.  Multitudes 
of  similar  duplications  of  physical  discoveries  by  mathematics 
could  be  quoted."  Addressing  the  same  body,  H.  J.  Smith^ 
^said,  "I  often  find  the  conviction  forced  upon  me  that  the 
increase  of  mathematical  knowledge  is  a  necessary  condition 
for  the  advancement  of  science,  and,  if  so,  a  no  less  necessary 
condition  for  the  improvement  of  mankind.  It  could  not 
argue  well  for  the  enduring  intellectual  strength  of  any  nation 
of  men,  whose  education  was  not  based  on  a  solid  foundation 
of  mathematical  learning,  and  whose  scientific  conceptions  or, 
in  other  words,  whose  notions  of  the  world  and  of  the  things 
in  it  were  not  braced  and  girt  together  with  a  strong  frame- 
work of  mathematical  reasoning." 


<J.  J.  Thomson.  Presidential  Address.  British  Association,  for  the  Advancement  of 
:acience,  Au^.  27.  1909. 

^H.  J.  S.  Smith.  Presidential  Address.  Sec.  A..  British  Association  for  the  Advanoe- 
snent  of  Science. 
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Granting,  then,  that  the  scientist  engaged  in  research  work 
must  be  conversant  with  a  considerable  amount  of  mathe- 
matics, what  shall  be  said  of  the  science  teacher?  The  com- 
bination of  successful  teacher  and  productive  investigator  is 
a  rare  one.  The  average  teacher  not  only  has  too  little  time 
for  research,  but  the  very  nature  of  his  routine  work  militates 
against  the  possibilities  of  successful  investigation.  Yet  it 
is  possible  and  indeed  imperative,  not  only  that  he  obtain 
for  himself  a  broad  and  comprehensive  knowledge  of  science^ 
but  that  he  maintain  a  live  interest  in  the  work  of  those  who 
are  "extending  the  frontiers  of  science."  This  can  be  done 
only  by  constructive  and  systematic  reading  both  of  advanced 
texts  and  current  scientific  literature.  And  it  is  here  that  the 
science  teacher  will  require  his  mathematics.  J.  W.  Mellor,. 
in  his  work  on  "Higher  Mathematics  for  Students  of  Physics 
and  Chemistry,"'  says,  "It  is  almost  impossible  to  follow 
the  later  developments  of  physical  or  general  chemistry  with- 
out a  working  knowledge  of  higher  mathematics."  This  text, 
acknowledged  by  physicists  and  chemists  as  a  standard,  makes 
use  of  an  unexpected  variety  of  mathematical  conceptions. 
Chemical  equilibrium  is  dealt  with  by  means  of  the  calculus 
and  differential  equations;  measurement  of  the  magnitude  of 
the  electric  current,  by  means  of  infinite  series;  conduction 
of  heat  by  the  earth's  crust  is  explained  through  the  use 
of  Fourier's  series;  thermodynamics  involves  determinants; 
and  Maxwell's  law  of  distribution  of  molecular  velocities  is 
discussed  by  means  of  the  theories  of  probability  and  errors. 
Out  of  ninety  texts,  not  including  scientific  journals,  taken 
without  selection  from  the  shelves  in  the  physics  alcove  of 
the  University  of  Washington  Library,  less  than  twenty-five 
per  cent  were  nonmathematical,  and  of  these  only  one  fourth 
were  published  during  the  last  twenty  years.  A  similar  in- 
vestigation of  the  standard  scientific  journals  of  physics  and^ 
chemistry  for  the  past  two  years  revealed  the  fact  that  the 
nonmathematical  articles  not  only  constituted  less  than  half 
the  total  number  but  at  the  same  time  occupied  not  more 
than  a  third  of  the  total  space.  But  physics  and  chemistry 
are  not  the  only  sciences  progress  in  which  depends  upon, 
mathematics.  No  less  an  astronomer  than  J.  Herschel  has; 
said  of  astronomy,*  "Admission  to  its  sanctuary  and  to  the 

Sj.  W.  Mellor.  Higher  Mathematics  for  Stodcnta  of  Physics  and  ChemUtry. 
*J.  HerMhel,  Outlines  of  Astronomy.  Introduction,  pararraph  7. 
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privileges  and  feelings  of  a  votary,  is  only  to  be  gained  by 
one  means — sound  and  sufficient  knowledge  of  mathematics, 
the  great  instrument  of  all  exact  inquiry,  without  which  no 
man  can  ever  make  such  advances  in  this  or  any  other  of 
the  higher  departments  of  science  as  can  entitle  him  to  form 
an  independent  opinion  on  any  subject  of  discussion  within 
their  range/'  Mathematics  applied  to  biology  has  in  the  last 
few  years  caused  great  progress  to  be  made  in  the  study  of 
the  classification  and  inheritance  of  variations.  The  numerous 
and  epoch-marking  investigations  of  Karl  Pearson  and  C.  B. 
Davenport  are  witnesses  to  this  fact.  The  latter,  in  a  small 
text  filled  Vrith  formulas  whose  derivation  involves  a  knowl- 
edge of  the  calculus  and  of  the  theories  of  errors  and  prob- 
ability, discusses  such  subjects  as  variability  of  the  sexes 
and  of  primitive  and  modern  races,  heredity,  effect  of  environ- 
ment, racial  diflferentiation,  and  variation  in  flowers.  Nor  are 
geologists  independent  of  the  assistance  offered  by  mathe- 
matics. In  an  introductory  statement  to  a  table  of  hyperbolic 
functions  published  by  the  Smithsonian  Institution,"  we  find 
this  statement,  "Whenever  mechanical  strains  are  regarded 
as  great  enough  to  be  measured,  they  are  most  simply  ex- 
pressed in  terms  of  hyperbolic  functions.  Hence  geological 
•deformations  invariably  lead  to  such  expression,  and  it  is  for 
that  reason  that  Messrs.  Becker  and  Van  Orstrand,  who  are 
in  charge  of  the  United  States  Geological  Survey,  have  been 
led  to  prepare  this  volume."  "The  study  of  hydrodynamics 
and  of  the  general  circulation  of  the  atmosphere  brings  the 
meteorologist  to  the  investigation  of  differential  equations  and 
of  the  Riemann  surface."  But  further  evidence  is  superfluous 
and  would  become  tiresome.  Enough  has  been  said  to  war- 
rant the  statement  that  the  science  teacher  may  receive  sub- 
stantial benefit  from  mathematical  training.  It  remains  to 
indicate  in  a  very  general  way  the  minimum  of  mathematical 
preparation  consistent  with  success  in  science  teaching. 

Referring  again  to  the  facts  gleaned  from  the  physics  texts 
previously  mentioned,  of  the  mathematical  texts — as  distin- 
.guished  from  the  purely  descriptive — over  seventy  per  cent 
involved  the  calculus,  differential  equations,  or  more  advanced 
-subjects.  Merely  for  the  purpose  of  comparison,  classifying 
all  mathematics  below  the  calculus  as  elementary,  and  all 


lAsmiUMoniAn  If  aUicmatical  Tables,  Hyperbolic  Functions. 
U  Monthly  Weather  Reriew  for  1897. 


Digitized  by  LjOOQIC 


MATHEMATICS  FOR  SCIBNCB  TBACHBRS  29 

including  and  beyond  it  as  advanced,  the  mathematical  articles 
in  several  of  the  leading  scientific  journals  grouped  themselves 
as  follows: 

Journal,  Date,    %BUm,      %Adv, 

Physical  Review July-December,  1909  40  60 

Physikalische  Zeitschrift. .  .January- June,  1908  54  46 

Annalen  der  Psysik 1906  33  67 

Journal  de  Physique 1909  36  64 

Philosophical  Magazine  and 

Journal  of  Science 1909  22  78 

While  no  very  definite  conclusions  can  be  drawn  from  the 
figures  here  exhibited,  since  the  material  examined  is  too 
limited  both  in  amount  and  subject-matter,  it  is  patent  that 
the  higher  mathematics  figures  largely  in  modern  scientific 
research  work  and  that  the  reader  of  scientific  literature 
must  have  progressed  beyond  the  elements  of  the  calculus. 
The  minimum  of  mathematical  preparation  for  the  teacher 
of  science  would  seem  to  be,  then :  first,  a  thorough  mastery 
of  the  elementary  mathematics  and  its  applications ;  this  will 
train  the  mind  to  scientific  modes  of  thought,  establish  habits 
of  accuracy,  and  furnish  the  beginnings  of  a  scientific  lan- 
guage; second,  complete  courses  in  the  calculus  and  differen- 
tial equations  both  ordinary  and  partial,  together  with  their 
applications;  this  will  assure  the  possession  of  a  finished 
scientific  language  and  give  a  keen  perception  of  the  processes 
of  nature;  third,  one  or  more  additional  courses,  the 
nature  of  which  will  be  determined  largely  by  that  partic- 
ular science  to  which  the  individual  is  to  devote  his  time 
and  energy,  such  as,  for  instance,  theory  of  functions  for  the 
physicist,  and  theory  of  errors  and  probability  for  the  biol- 
ogist. 

This  ideal  is  by  no  means  difficult  of  accomplishment,  nor  is  it 
advanced  here  as  a  new  idea,  but  rather  as  a  more  or  less 
accurate  estimate  of  the  present  trend  in  scientific  education. 
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THE  PRODUCT  OF  OUB  BOTANICAL  TEACHING.' 

By  Otis  W.  Caldwell, 
University  of  Chicago. 

Notwithstanding  the  frequent  assertion  that  teaching  of  bot- 
any is  not  what  it  should  be,  it  seems  safe  to  say  that  there  was 
never  a  time  when  there  was  more  good  teaching  of  the  subject 
than  we  have  to-day.  That  we  should  have  dissatisfaction  at  a 
time  when  so  much  good  teaching  is  being  done,  is  not  at  all 
surprising,  inconsistent  or  undesirable.  Botany  itself  has  grown 
so  rapidly,  its  call  for  new  researches  has  been  so  insistent,  its 
place  in  the  applied  sciences  and  in  the  affairs  of  men  in  general, 
has  assumed  such  prominence  and  importance,  its  use  as  a  means 
of  giving  a  proper  education  in  scientific  thought  about  things 
that  are  worth  knowing  has  been  so  vigorously  claimed,  that  in 
consequence  our  attention  is  directed  as  never  before  to  the  pos- 
sibilities and  errors  of  botanical  teaching. 

The  teaching  is  not  poorer — we  merely  know  more  about  it. 
Present  practices  are  not  to  be  generally  condemned  but  with 
the  increasing  richness  and  diversity  of  botanical  knowledge,  and 
with  better  definitions  of  the  purpose  of  science  education,  par- 
ticularly education  by  means  of  botanical  science,  we  need  to 
consider  our  practices  anew.  If  a  prominent  feature  of  reform 
is  discontinuance  of  past  vices,  a  feature  of  progress  is  discon- 
tinuance of  past  virtues  for  better  and  larger  ones*. 

If  the  product  of  our  botanical  teaching  does  not  meet  our 
ideals,  we  should  look  for  explanation  to  some  or  all  of  the  fac- 
tors or  causes  of  the  very  complex  situation  which  confronts  us. 

First,  what  are  our  ideals  ?  What  do  we  wish  to  accomplish 
through  botanical  teaching?  Do  we  wish  to  use  the  study  of 
botany  as  a  means  of  developing  on  the  part  of  the  people  in 
general  a  more  dependable  method  of  thinking,  better  reliance 
upon  native  powers  of  observation,  experimentation  and  inter- 
pretation, an  attitude  that  demands  evidence  before  judgment 
may  be  given,  or  do  we  wish  to  make  knowledge  of  plant  life, 
its  structures,  processes,  habits  and  uses,  the  possession  of  the 
people  in  general  in  order  that  they  may  know  more,  enjoy  more, 
or  may  more  effectively  adapt  plant  life  to  their  economic  uses? 
Are  we  trying  to  use  botany  as  a  means  of  increasing  efficiency 
in  thought  and  action?    Do  we  wish  to  prepare  students  who 
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shall  take  up  research  in  botany  to  the  end  that  unsolved  prob- 
lems may  have  solution?  Or  have  we  any  definite  purpose  for 
botanical  education  other  than  that  since  botany  is  a  field  which 
we  have  found  most  interesting  we  wish  to  "pass  it  on"  to  oth- 
ers? 

The  ends  which  we  seek  certainly  should  receive  the  careful 
inspection  of  all  who  are  engaged  in  general  botanical  instruc- 
tion. Research  in  botany  is  not  the  goal  of  general  botanical 
education,  and  botany  cannot  claim  a  place  in  the  general  cur- 
riculum of  the  high  school  or  college  if  its  primary  aim  is  to 
prepare  students  for  research  in  botany.  On  the  other  hand, 
research  is  perhaps  the  most  important  by-product  of  general 
botanical  instruction,  since  when  general  courses  of  instruction 
are  efficient  there  develop  well-grounded  students  who  desire 
to  become  investigators  in  the  subject. 

The  purpose  must  be  more  serious  than  to  give  passing  enjoy- 
ment, stimulate  curiosity  about  plants,  or  to  minister,  as  early 
botanists  sometimes  said,  to  the  emotional  nature  of  young  ladies. 
There  is  great  need  of  development  of  a  rigorous  scientific  atti- 
tude toward  plant  phenomena.  Plants  and  their  products  are 
our  constant  companions  and  are  related  in  many  ways  to  human 
efficiency.  If  pupils  learn  some  of  the  important  things  about 
plants  in  a  way  that  develops  care  in  observation,  in  experiment, 
and  in  proper  thinking,  I  believe  there  is  also  secured  enjoyment 
of  plants  and  ability  to  make  economic  use  of  them.  This  cen- 
tral foundation  in  method  and  content  should  be  best  upon  which 
to  build  research  work.  It  would  seem  also  that  research  would 
find  a  large  number  of  worthy  devotees  if  general  courses  of 
instruction  were  presented  as  broadly  fundamental  to  the  science, 
and  more  significant  in  practical  affairs. 

A  second  factor  has  to  do  with  the  quality  and  preparation  of 
the  students  who  present  themselves  in  our  college  courses.  From 
an  amount  of  data  too  limited  for  final  conclusion,  it  seems  that 
most  of  the  students  who  elect  college  courses  in  botany  have  had 
no  botany  in  secondary  schools.  For  some  reasons,  secondary 
school  courses  seldom  lead  students  to  take  botany  in  college,  or 
else  college  requirements  prevent  their  doing  so  until  they  have 
become  engrossed  with  other  lines  of  work.  Possibly  the  diffi- 
culty lies  in  inefficient  courses  or  teaching  in  secondary  schools. 
These  courses  have  been  accused  of  being  too  formal,  too  techni- 
cal, too  closely  limited  to  a  special  field  of  botany,  not  sufficiently 
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full  of  meaning  to  young  students.  Secondary  courses  in  botany 
have  also  been  accused  of  being  too  difficult — an  accusation  which 
I  think  is  untrue.  It  is  not,  for  example,  the  inherent  difficulty 
of  alternation  of  generations,  but  lack  of  any  appreciable  motive 
for  studying  it,  which  makes  it  seem  difficult.  The  structure  and 
workings  of  a  steam  engine  or  an  automobile  are  more  difficult, 
but  they  are  "going  things" — dynamic — ^and  students  solve  their 
mysteries.  If  an  appreciable  motive  is  put  into  secondary  teach- 
ing of  botany  its  difficulties  are  solvable. 

Possibly  some  of  the  difficulty  lies  in  the  fact  that  the  different 
sciences  are  incoherent  and  intermittent  in  the  high  schools.  In 
a  valuable  recent  investigation  made  by  an  eastern  biologist  rec- 
ords were  collected  from  276  high  schools.  Botany  is  taught  in 
225  of  them.  It  is  distributed  in  the  different  years  of  these  high 
schools  as  follows:  first  year  76,  second  year  94,  third  year  26, 
fourth  year  29.  It  is  evident  in  so  far  as  these  and  other  statistics 
go,  that  something  in  the  way  of  definiteness  is  beginning  to 
appear  as  to  the  year  in  which  botany  is  taught.  But  it  is  also 
to  be  noted  that  in  these  schools  botany  appears  in  almost  every 
possible  relation  to  the  other  sciences  that  are  taught,  and  it  is 
taught  by  teachers  who  teach  almost  every  possible  combination 
of  subjects  in  the  entire  curriculum.  The  sciences  need  more  of 
the  same  sort  of  consecutiveness  that  is  found  in  the  languages, 
if  we  are  to  develop  more  worthy  educative  value. 

Furthermore,  from  the  above-mentioned  investigation  and 
others,  it  appears  that  the  courses  in  botany  vary  in  nature  from 
systematic  botany  to  a  study  of  the  anatomy  and  c3^ology  which 
deal  with  plant  evolution.  Surely  the  courses  in  secondary  schools 
need  scientific  study,  unless  it  is  true  that  there  is  no  part  of  the 
subject  and  no  particular  organization  that  is  best  for  the  educa- 
tion of  beginners.  I  believe  we  have  a  right  to  expect  that  a 
scientific  organization  of  the  science  for  the  secondary  schools,  in 
addition  to  conferring  better  immediate  results  upon  pupils,  will 
lead  more  of  the  students  who  have  done  well  in  science  to 
desire  to  continue  these  studies  in  college.  This  would  be  of 
great  advantage,  for  we  need  more  students  who  early  in  life 
have  begun  to  think  botany  and  to  think  in  the  scientific  method. 

The  nature  of  the  preparation  of  our  graduate  students  is  also 
a  factor  in  our  product.  This  varies  largely.  In  at  least  some 
of  the  larger  universities  cdmpalratively  few  of  the  graduates  come 
from  the  local  undergraduate  body.    They  have  for  the  most  part 
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had  their  training  in  the  smaller  colleges,  and  those  who  come  to 
the  university  are  of  two  classes — ^those  who  are  called,  and  those 
who  are  sent.  Some  of  them,  through  the  more  general  courses 
of  the  smaller  colleges,  got  their  desire  and  enthusiasm  for  botani- 
cal investigation,  and  come  to  the  university  to  continue  that 
study.  They  are  chiefly  those  who  give  us  new  botanical  knowl- 
edge. Others,  who  have  not  secured  suitable  positions,  come  to 
the  university  and  do  graduate  work  as  a  means  of  securing  bet- 
ter employment,  and  good  botanists  and  good  teachers  sometimes 
develop  from  this  group. 

Another  factor  in  the  efficiency  of  our  student  product  is  found 
in  the  nature  and  appropriateness  of  the  courses  into  which  these 
students  go  when  they  come  to  colleges.  Whether  research  or 
teaching  is  the  end  to  be  secured,  there  are  needed  courses  in 
the  general  fundamentals  of  plant  life  and  structures,  and  in 
chemistry,  physics,  physiography,  and  general  physiology.  Too 
early  specialization  is  likely  to  produce  a  narrow  research  student, 
and  to  render  a  teacher  unable  to  give  to  his  students  the  nec- 
essary vitality  in  his  introduction  to  general  botany.  In  our 
revolt  from  the  special  field  of  systematic  botany,  botanists  went 
to  an  extreme  of  even  greater  specialization,  so  that  sometimes 
students  in  research  in  morphology  are  uninformed  regarding  the 
relationships  of  the  particular  plants  with  which  they  work.  And 
so  specialized  are  we  at  times  that  teachers  in  small  colleges  and 
secondary  teachers  who  have  had  our  so-called  general  courses 
must  teach  a  special  field  of  botany  because  they  know  no  other. 
It  is  quite  possible  in  some  cases  to  go  into  a  secondary  school 
class  in  botany  and  by  observation  of  the  nature  of  the  teacher's 
work,  to  determine  the  university  in  which  the  teacher  was  trained. 
This,  of  course,  is  not  an  argument  against  research  in  which 
we  all  believe  most  profoundly,  nor  against  emphasis  upon  special 
lines  of  research  in  different  universities,  but  is  an  argument 
against  permitting  that  special  research  to  dominate  courses  that 
presumably  are  for  general  education  in  botany.  As  Schleiden 
in  1849  organized  the  general  field  of  botany  as  an  inductive 
science,  we  again  need  for  general  students  a  presentation  of 
the  fundamentals  of  the  science  as  a  whole. 

There  are  many  other  factors  that  have  to  do  with  the  effi- 
ciency of  the  product  of  our  botanical  teaching.  We  need  more 
students  who  in  their  latter  college  years  have  definite  purposes 
in  mind — as  teaching,  research,  practice  of  forestry,  agriculture, 
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etc.     Possibly  our  teaching  ought  to  enable  them  to  discover 
purposes  that  will  absorb  them  as  do  other  college  interests. 

More  fundamental,  however,  is  the  fact  that  we  have  been  too 
content  to  assume  without  sufficient  data,  and  to  dictate  regard- 
ing the  nature  of  the  needs  of  general  instruction  in  our  subject 
rather  than  to  make  the  same  sort  of  investigation  in  the  field  of 
teaching  that  we  should  make  in  our  botanical  investigation.  If 
we  can  devise  methods  of  making  a  scientific  study  of  botanical 
education,  we  can  improve  our  student-product 


FOUR  MILLION  ACRES  SURVETEB. 

During  August  the  topographic  engineers  of  the  United  States  Geologi- 
cal Survey  made  field  surveys  of  6,517  square  miles — over  4,000,000  acres 
— in  various  parts  of  the  country,  ranging  from  swamps  to  high  mountain 
areas.  The  surveys  comprise  actual  map  making  on  the  ground  and 
the  putting  on  the  map  of  every  natural  and  artificial  feature  in  its 
exact  relative  position  as  it  actually  exists  in  the  area  surveyed. 


SOME  AGRICULTURAL  EXPERIMENT  STATION  BULLETINS. 

From  the  California  station  comes  a  35'page  bulletin  on  "The 
House  Fly  in  Its  Relation,  to  Public  Health,"  (bulletin  215,  by  William 
B.  Herms),  which  appears  to  be  quite  the  best  thing  in  its  way  that  has 
appeared  in  brief  form.  The  several  farmers'  bulletins  issued  from  Wash- 
ington, are  excellent;  but  each  covers  a  restricted  field,  such  as  meth- 
ods of  prevention.  The  California  bulletin  discusses  the  different  spe- 
cies of  flies,  follows  the  life  history  of  the  house  fly,  gives  the  case 
against  it  as  a  distributor  of  bacteria  and  its  relation  to  particular  diseases, 
and  presents  the  effective  methods  of  control.  It  is  fully  illustrated.  The 
bibliology  introduces  the  reader  to  some  of  the  literature  of  the  subject, 
the  existence  of  which  is  commonly  known  only  to  professional  workers. 

The  bulletin  is  a  good  example  of  real  civic  biology. 

The  New  Hampshire  station  publishes  a  progress  report  of  investigations 
of  fruit  bud  formation  carried  on  in  1908-09-10.  (Bulletin  153).  No  con- 
clusions are  drawn  at  this  time,  but  data  are  presented,  largely  in  graphic 
form,  which  promise  to  throw  much  light  upon  the  important  problems 
connected  with  the  productivity  of  apple  trees  and  with  the  habit  of  bear- 
ing in  alternate  years. 

Bulletin  216  of  the  California  station  reports  results  of  experiments 
upon  the  effect  of  soil  and  climate  upon  composition  of  wheat.  Soil  from 
two  other  states  was  transported  to  California  in  sufficient  quantities  to 
allow  wheat  to  be  grown  in  the  California  climate,  but  in  Kansas  and 
Maryland  soil.  The  experiments  are  not  yet  conclusive. 

W.  L.  Eikenberry. 
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PHYSICAL  GEOG&APHT  IN  THE  HIGH  SCHOOL.' 

By  E.  E.  Ramsey, 
Bloomington,  Ind. 

(Continued  from  December  issue,) 

Atx>ther  group  of  work  given  is  that  of  elementary  chemical 
and  physical  experiments  as  illustrative  or  demonstrative  work. 
This  particular  line  is  given  in  all  reports.  The  study  of  the 
thermometer,  of  the  barometer  and  of  other  meteorobgical  in- 
struments, experiments  with  the  atmospheric  gases  and  liquids 
are  given  considerable  place.  The  sand  box,  sand  modeling, 
permanent  model  making  and  relief  maps  are  worthy  of  consid- 
eration. 

Globe  exercises  and  mathematical  geography  are  given  in 
three  reports.  Rivers  and  river  action  are  suggested  by  two. 
Life  conditions,  glacial  action,  library  work,  and  elementary  ag- 
riculture are  each  given  once.  The  item  of  library  work  is  prob- 
ably reserved  by  many  of  the  teachers  answering  as  belonging 
under  a  different  heading.  But  it  may  belong  here  as  well  as 
elsewhere.  Specifically  directed  library  work  should  be  of  value 
in  at  least  two  ways:  (i)  It  should  serve  to  give  a  wider  out- 
look upon  the  subject  and  a  specific  view  upon  some  topics — ^a 
thing  which  any  text-book  must  of  necessity  not  do.  There  can 
be  many  books  secured  which  furnish  such  material.  (2)  The 
inability  of  the  average  high  school  freshman  to  read  is  a  widely 
spoken  of  condition,  though  a  normal  one.  One  thing  which  the 
high  schools  are  not  doing  is  to  teach  how  to  read.  This  is,  in 
mathematics,  in  history,  in  English,  in  language  and  in  the  text 
phase  of  science,  simply  saying  that  there  is  failure  to  teach  the 
student  how  to  study.  Some  of  the  laboratory  time  in  a  science 
subject  can  be  most  wisely  spent  in  directing  the  reading  of  the 
class. 

Question  14.    How  much  field  work  do  you  do  ? 

The  answers  were  tabulated  in  total  as  follows :  no  answer,  4 ; 
no  field  work,  21 ;  very  little,  9;  some  time,  3;  as  much  as  pos- 
sible, 3 ;  optional  with  students,  i ;  a  good  deal,  i ;  six  trips  per 
year,  4 ;  five  trips  per  year,  5 ;  four  trips  per  year,  4 ;  three  trips, 
I ;  two  trips,  4 ;  one  trip,  2.  In  reality  this  makes  50%  or  more 
of  the  schools  reporting  doing  no  field  work. 

Question  15.    State  the  plan  of  your  field  work. 

As  to  whether  real  field  work  is  being  done  when  a  class  is 


ll  desire  to  acknowledge  the  help  of  Dr.  J.  W.  Beede,  who  ha«  discussed  with  me  the 
plan  fotlowc<d  in  the  Report  and  who  has  also  revised  the  list  of  questions  sent  out. 
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out  on  a  trip  is  not  to  be  decided  by  merely  being  out  in  the  field, 
but  by  the  plan  which  the  teacher  is  able  to  formulate  before 
entering  the  field.  It  is  indeed  a  rare  teacher  who  can  keep  a 
class  of  high  school  students  together  in  the  field  well  enough 
to  outline  a  valuable  impromptu  piece  of  work.  So  the  plan 
should  be  worked  out  ahead  of  time,  put  in  mimeographic  form 
and  handed  to  each  student  before  entering  the  field.  The  prob- 
lems must  be  specific;  no  such  directions  as  "study  the  river*' 
or  "study  the  valley"  will  lead  to  any  observation.  Specific 
questions  relating  to  the  river  or  the  valley  must  be  prepared; 
such  as,  Does  the  river  meander?  If  so,  give  the  character  of 
each  bank  of  the  stream;  give  the  character  of  the  river  itself 
on  each  side  of  the  meander ;  where  is  the  gorge  or  valley  wid- 
est? Why  so?  In  what  directions  is  the  valley  enlarging? 
Why? 

The  answers  to  this  question  are  disappointing  in  that  the  ma- 
terials, forms  and  forces  worked  with,  and  not  the  methods  of 
the  presentation  are  given  as  answers.  Field  work  in  the  bio- 
logical sciences  and  physiography  is  in  an  undeveloped  state. 
It  was  hoped  to  collect  aC  ^1  methods  that  would  be  of  value. 
Some  suggestions  of  th'.  type  are  made:  "I  require  rough  field 
notes.  Questions  are  encouraged  while  in  the  field.  The  field 
work  is  followed  by  a  cL  .  exercise  based  upon  it."  Another 
says,  "I  have  specific  things  in  mind  for  each  excursion."  Dis- 
cussion of  the  field  work  in  recitation  is  given  by  another  as  a 
part  of  his  plan.  The  making  of  notes  and  drawings  (4)  others 
consider  as  important.  The  answer  is  logical.  Field  work  upon 
material  covered  by  the  text  is  planned.  Question  sheets  are 
given  to  students  and  permanent  notes  (4)  are  required.  Class 
discussion  (2)  follows.  The  use  of  the  question  sheets  is  sug- 
gested by  four  returns.  This  one  is  also  worth  quoting,  "An 
outline  is  given  the  class.  Discussions  are  carried  on  in  the 
field  and  written  accounts  are  handed  in."  The  idea  of  carrying 
on  class  discussions  in  the  field  is  an  excellent  one,  since  incor- 
rect observations  and  interpretations  can  be  settled  in  the  pres- 
ence of  and  by  the  form  under  consideration.  This  answer 
brings  out  still  another  valuable  point,  in  fact,  a  point  the  most 
nearly  fundamental  of  all.  "The  teacher  must  have  a  personal 
acquaintance  with  the  forms  studied,  there  should  be  a  few  defi- 
nite things  to  be  seen  and  all  observation  should  be  noted  and 
afterwards  permanently  recorded."  The  first  part  of  this  last 
answer  is  not  only  a  point  which  will  save  much  time,  but  it  will 
insure  that  the  things  can  be  seen. 
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Question  i6.  What  idea  do  you  have  in  mind  in  doing  field 
work? 

Twenty-five  reports  contained  no  answers  to  this  question. 
Nine  consider  that  the  purpose  of  field  work  is  to  teach  the  stu- 
dent to  observe.  Another  very  common  suggestion  (9)  is  vis- 
ualizing, substantiating  and  fixing  textual  matter.  It  is  prob- 
able that  the  second  function  need  not  be  brought  into  use  often. 
Changes  in  progress  in  the  local  field  (9)  is  unquestionably  a 
valuable  end;  or  rather  the  idea  carries  two  valuable  ends. 
There  is  no  more  distinctive  feature  of  geography  to-day  as  con- 
trasted with  geography  of  30  years  ago  than  the  idea  of  change. 
Then  the  earth  was  felt  to  be  relatively  stable ;  such  an  error  not 
unfrequently  has  crept  into  literature.  Nowadays  the  idea  of 
change  has  so  thoroughly  permeated  the  whole  system  of  geog- 
raphy that  a  nomenclature  heretofore  used  with  reference  to  life 
only  has  been  added.  This  nomenclature  speaks  of  a  young  val- 
ley, an  old  volcano,  a  matured  drainage  system,  an  active  river, 
an  overloaded  stream,  a  drowned  valley,  a  dead  river,  a  rejuvated 
region.  All  the  descriptive  terms  have  been  borrowed  from  the 
biological  sciences.  It  is  importaJAt  M  have  the  student  see  some 
of  these  changes  in  progress.  The  'Lwlidy  of  the  type  forms  of 
the  local  field  is  also  valuable.  There  are  but  few  fields  in  which 
some  of  the  important  general  tyj.^*"  forms  cannot  be  found  at 
work.  Such  elements  as  these  should  be  studied  at  first  hand. 
The  next  suggestion  (8)  is  for  the  study  and  interpretation  of 
local  tjrpe  forms.  To  create  an  interest  in  nature  is  given  by 
four  papers.  The  purpose  is  a  worthy  one  but  is  somewhat  in- 
definite. Others  think  of  field  work  as  the  best  means  of  getting 
correct  ideas  of  forms  and  processes  treated  in  the  text  (3). 
The  field  work  guides  the  pupil  in  seeking  causes  and  gives  him 
the  power  to  interpret  the  facts  of  the  text  (4).  It  gives  a  bet- 
ter conception  of  the  laboratory  work  (i).  It  makes  the  science 
concrete  (i).    It  gives  the  pupil  an  active  interest. 

Question  17.    Is  your  time  for  field  work  limited? 

The  answers  reveal  the  real  situation  that  the  high  school 
teachers  are  in  with  respect  to  all  kinds  of  field  work  in  so  far 
as  the  time  element  is  concerned.  The  college  and  university 
schedules  are  built  along  different  lines  and  the  students  are 
in  school  under  different  conditions  than  those  surrounding  high 
school  students.  The  character  of  the  afternoon  schedule  of 
the  university  student  and  the  Saturday  work  of  the  high  school 
student    makes  a  very  difficult    problem  for  the  high    school. 
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Forty-seven  schools  report  serious  limitations  on  their  time  for 
field  work  and  all  others  make  no  report.  Two  more  high 
schools  in  large  cities  say  that  the  work  is  impracticable  because 
of  distance  and  car  fare.  Sixty  schools  out  of  63  do  not  have 
sufficient  time  at  their  disposal  and  one  resolves  itself,  as  is 
brought  out  in  the  answer  to  question  19,  into  a  question  of 
schedule. 

Question  18.    If  so,  how  do  you  overcome  this  difficulty? 

Twenty-two  schools  do  not  answer  this  question  and  nine  state 
they  do  not  overcome  the  difficulty.  Ten  report  that  they  have 
pupils  do  individual  work  and  four  more  report  that  they  have 
individual  field  work  but  add  that  they  require  written  reports 
on  the  field  work.  "Use  the  time  before  school  and  after 
school."  (s)  The  plan  of  trading  periods  with  other  teachers 
who  have  the  same  section  just  previous  to  or  just  following 
the  physical  geography  is  given  by  five.  Some  schools  (4)  find 
that  voluntary  field  work  is  successful.  This  will  undoubtedly 
be  true  in  the  rural  and  township  high  school.  Another  phase 
of  voluntary  work  is  for  the  teacher  to  make  trips  with  the  in- 
terested students.  Both  these  ideas  have  their  limitations  in  the 
fact  that  they  appeal  to  the  students  who  do  not  need  the  work 
so  much  and  leave  the  students  who  need  awakening  without  its 
advantages.  One  superintendent  states  that  he  takes  time  for 
his  field  work  at  the  opportune  time. 

Some  (4)  find  it  possible  to  make  Saturday  trips.  In  con- 
nection with  these  trips  one  teacher  mentions  the  organization 
of  a  physiography  club,  presumably  largely  for  the  purpose  of 
definitely  organizing  field  work.  The  use  of  the  lantern  (2) 
would  seem  to  warrant  a  wider  use  than  it  has  in  teaching  local 
geography.  Its  use  cannot  replace  field  work  entirely.  How- 
ever, after  students  have  acquired  some  facility  in  the  field,  this 
method  serves  as  an  excellent  review  of  local  forms.  Not  all 
forms  of  geographic  interest  and  importance  are  "scenery"  by 
any  means,  yet  some  of  them  are.  It  is  true,  also,  that  real 
geography  is  not  all  scenery  by  any  means.  The  class  will  usu- 
ally have  seen  these,  so  that  the  lantern  serves  as  a  review.  In 
lieu  of  all  field  work  wherever  it  is  entirely  out  of  the  question 
the  lantern  is  certainly  next  in  value  in  visualizing  the  text  and 
studying  forms  and  processes.  Every  geography  teacher  should 
be  a  photographer  and  be  able  to  make  his  own  lantern  slides. 
Slides  thus  procured  are  very  much  less  expensive  and  have  a 
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much  greater  value  in  that  the  maker  knows  his  subject,  which 
fact  is  not  always  true  of  ready  prepared  sets  of  slides. 

Question  19.  What  changes  would  you  recommend  in  reci- 
tation, field  and  laboratory  work  in  order  to  bring  about  better 
results  in  jrfiysical  geography? 

The  answers  to  this  question  reveal,  as  do  the  answers  to 
question  12  and  14,  the  pressing  need  for  more  laboratory  and 
field  work  in  geography,  in  the  minds  of  the  teachers  of  this  sub- 
ject. Sixty-one  per  cent  (28)  of  the  schools  answering  this 
question  unite  in  saying  that  double  periods  for  laboratory  work 
or  more  time — in  many  instances  double  time  is  suggested  and 
is  needed.  Others  (4)  want  the  subject  made  a  full  year's 
course,  while  some  speak  of  the  need  of  time  by  saying  that 
geography  "should  be  put  on  a  par  with  physics  and  chemistry." 

It  is  strange  that  school  officials  should  insist  that  such  work 
as  geography  be  done  without  the  same  opportunities  for  work 
that  the  other  sciences  have.  It  should  have  such  opportunities 
for  two  reasons.  In  the  first  place,  since  the  subject  is  more 
commonly  taught  in  the  freshman  year  than  elsewhere  and  since 
one  of  its  purposes  is  the  development  of  the  method  of  science, 
it  seems  almost  imperative  that  it  be  put  on  the  laboratory  basis 
— ^that  is,  on  the  double  period  plan.  It  is  not  possible  to  com- 
plete the  subject  in  one  semester  nor  in  one  year  with  5  periods 
per  week.  The  statement  that  the  subject  cannot  be  completed 
in  one  semester  is  modified  in  a  few  instances  by  the  fact  that 
it  is  sometimes  followed  by  a  semester  of  commercial  geography. 
Its  breadth  requires  ample  time  for  its  completion  and  mastery. 
Less  formal  recitation  work  (2)  is  believed  to  be  a  means  of 
securing  better  work.  With  the  expansion  of  laboratory  work, 
the  need  for  recitation,  and  particularly  the  formal  type,  will  be 
greatly  decreased.  Better  equipment  for  laboratories  is  asked 
for  by  seven  reports.  In  view  of  the  fact  that  the  laboratory 
for  geography  can  be  equipped  at  less  expense  than  that  for  any 
other  science,  this  seems  a  reasonable  request.  The  idea  of  com- 
bining it  with  elementary  science  is  advocated  by  two  reports. 
The  same  point  has  been  brought  out  more  fully  in  a  report 
upon  a  previous  question.  Smaller  classes  are  needed  (2).  The 
introduction  of  regional  geography  is  given  by  two.  The  an- 
thropological side  is  not  insisted  upon  enough  (2).  Emphasis 
should  be  placed  on  local  forms  (2)  and  non-local  features 
should  be  omitted  (i).  To  the  suggestion  that  local  forms 
should  be  studied,  one  reported  that  the  contour  maps  of  the 
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local  region  should  be  studied  in  the  field.  The  difficulty  with 
this  suggestion  lies  in  the  fact  that  the  United  States  Geological 
Survey  series  of  maps  from  this  standpoint  is  incomplete.  The 
wisdom  of  the  suggestion  can  be  easily  verified  wherever  local 
maps  have  been  issued  by  the  Survey.  Such  a  map  is  the  one 
to  be  selected  with  which  to  begin  to  study  contour  maps.  In- 
terpretation will  require  a  minimum  of  effort  in  the  use  .of  such 
maps..  These  further  suggestions  are  made:  more  map  work 
(i);  specifically  directed  field  work  (i);  proper  manual  (i); 
better  maps  (i);  use  of  the  lantern  (i);  development  of  a 
"thinking  recitation"  ( i )  ;  organize  grade  geography  concepts 
(i)  ;  entire  work  should  be  done  in  field  and  laboratory  (i)  ; 
the  last  suggestion  seems  to  carry  field  and  laboratory  work  too 
far.  The  answer  is  closely  allied  to  the  suggestion  that  the  work 
be  limited  to  local  forms.  While  these  should  be  emphasized,  it 
is  rare  that  local  forms  cover  the  field.  The  informational  side 
must  be  conceded  to  have  some  place  in  the  whole  scheme  of 
any  subject.  This  must  be  omitted  in  too  great  a  degree  if 
either  suggestion  be  carried  out  in  its  entirety. 

Question  20.  Do  you  teach  the  subject  from  the  geocentric 
or  from  the  anthropocentric  viewpoint? 

Twenty-four  favor  teaching  the  subject  from  the  geocentric 
side,  twenty-three  from  the  humanistic,  eight  say  that  both 
should  be  taught  as  coordinate  phases  of  the  subject  and  several 
do  not  answer. 

Question  21.  What  amount  of  time  should  be  allotted  to  the 
following  topics  in  a  nine  months'  term,  making  a  due  allowance 
for  the  fact  that  the  amounts  should  be  modified  if  particularly 
adaptable  local  forms  exist? 

The  average  amount  of  time  recommended  to  be  spent  on 
mathematical  geography  is  three  weeks ;  that  on  weathering  is  a 
little  more  than  four  weeks;  that  on  rivers  and  river  action 
nearly  five  weeks;  more  than  two  and  one  half  weeks  on  gla- 
ciolog^;  nearly  three  weeks  on  mountains;  nearly  three  weeks 
on  vulcanism;  more  than  six  and  one-half  weeks  to  meteorology; 
nearly  three  weeks  to  plant  geography ;  two  and  one  half  weeks 
to  animal  geography;  and  nearly  three  weeks  to  the  geography 
of  man. 

This  question  is  meant  to  evaluate  the  various  phases  of  the 
subject  only.  There  is,  however,  rather  too  wide  a  range  of 
time  spent  on  some  sections  of  the  work.  Meteorology  can 
hardly  be  said  to  show  accurate  evaluation.    The  average  amount 
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of  time  given  to  mountains  and  vulcanism  is  probably  a  little 
high  for  conditions  in  the  states  f it>m  which  these  answers  came. 
Question  22.   What  do  you  think  of  the  value  of  physical  geog- 
raphy as  a  high  school  subject  to  be? 

The  answers  to  this  question  have  necessarily  involved  some 
overlapping  and  repetition,  because  of  the  specific  character  of 
some  former  questions  and  the  general  character  of  this  one. 
All  but  four  report  on  this  point.  The  training  of  the  observa- 
tional powers  ranks  first  in  point  of  numbers  (17).  It  is  worthy 
of  note  that  this  value  which  is  given  greatest  emphasis  implies 
laboratory  and  field  work  for  its  consummation.  Following  the 
observation  comes  the  necessary  result  of  keen,  well  directed 
observations — reasoning  (12).  Seven  put  what  amounts  to  the 
same  thing  in  "It  explains  natural  phenomena."  Geography 
trains  the  student  to  think  in  a  specific  way  (9).  It  gives  a 
general  understanding  of  the  earth  as  the  home  of  man  (10). 
It  makes  broader  thinkers  (3).  It  compels  reasoning  from 
cause  to  effect  or  vice  versa  (5)  ;  this  is  done  in  a  broader  and 
more  complete  way  than  any  other  science  can  possibly  do  it, 
because  of  the  composite  character  of  the  subject.  Its  value 
as  an  introductory  science  is  brought  out  in  ten  reports.  Local 
conditions  are  brought  to  the  student's  notice  in  a  new  way  (5). 
Four  answers  mention  the  informational  side  as  among  its  great- 
est values ;  others  emphasize  its  value  from  the  expression  stand- 
point by  saying  that  "it  develops  the  powers  of  oral  and  written 
expression."  It  organizes  and  adds  directly  to  grade  work  (5). 
Two  speak  of  its  practical  character.  One  puts  it,  "Extensive 
(physical  geography)  vs.  intensive  (all  other  sciences)"  and  the 
same  idea  is  brought  out  in  "it  synthesizes  the  sciences."  Its 
adaptability  renders  it  valuable  (i).  Its  relation  to  the  biolog- 
ical sciences  and  to  history  is  given  by  five  reports.  There  are 
reports  that  state  that  geography  is  not  valuable  as  now  taught ; 
two  of  these  specify  that  the  subject  is  too  abstract  without 
field  work. 

One  value,  as  it  seems  to  the  writer,  has  not  been  noted  in  the 
report.  In  any  subject  a  cardinal  purpose  should  be  to  develop 
a  judgment  in  the  subject  taught.  If  one  questions  the  average 
freshman  upon  some  of  the  fundamental  concepts  of  geography, 
size,  direction,  distance,  number,  etc.,  it  will  be  found  that  he  is 
deficient — ^possibly  because  of  his  age — upon  these  lines.  The 
whole  life  is  surrounded  by  geographic  things.  It  is  certainly 
fundamental  in  the  subject  then  to  develop  a  careful  judgment. 
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Question  23.  Is  physical  geography  as  well  adapted  as  a 
high  school  subject  from  the  standpoint  of  subject  matter  as 
the  biological  sciences  or  as  physics  or  as  chemistry? 

The  question  of  adaptability  is  always  a  vital  one  in  the 
choice  of  subjects  for  the  curriculum  of  any  kind  of  school. 
Thirty-six  schools  answer  yes;  a  few  qualify  the  answer  with 
such  statements  as,  "if  laboratories  for  physical  geography  were 
the  equal  of  chemistry  and  physics  laboratories."  Nine  answer 
"better,"  "Not  as  good  as  the  biological  sciences,  but  better  than 
the  physical  science"  (4).  One  has  it  that  it  is  not  so  good  as 
physics  and  chemistry,  but  better  than  zoology  and  botany.  If 
field  work  is  carried  on,  yes  (i).  Seven  do  not  rank  it  as  high 
as  the  other  science  subjects.  There  are  no  answers  from  four. 
This  makes  a  total  of  57  who,  with  the  exceptions  noted  above, 
consider  the  subject  within  range  of  high  school  students.  Many 
of  these  put  their  answers  in  a  very  emphatic  way. 

Question  24.  To  what  extent  do  you  use  models,  contour 
maps,  and  intricate  apparatus  in  laboratory  work,  in  demon- 
stration work? 

Many  schools  indicate  in  their  reports  the  need  of  laboratory 
materials.  It  is  hoped  that  the  result  of  this  question  may  be 
to  evolve  a  list  of  laboratory  supplies  suited  to  the  needs  of  the 
high  school  students.  These  are  the  results  of  the  tabulation  of 
the  answers. 

Wide  use  of  contour  maps  33 

Wide  use  of  models  23 

Limited  or  no  use  of  models 15 

Limited  or  no  use  of  intricate  apparatus 43 

Limited  use  of  contour  maps 12 

Wide  use  of  simple  apparatus 59 

Use  of  lantern  slides  '. 4 

Homemade  models  and  apparatus 5 

Barograph    2 

Thermograph i 

Maximum  and  minimum  thermometers   2 

No  maps,  models  or  apparatus  when  real  form  can  be 

gotten    I 

Have  no  apparatus  2 

Much  of  present  laboratory  material  is  unsatisfactory  i 
Reports  regarding  the  use  of  specific  pieces  of  apparatus,  the 
barograph,   thermograph,   barometer,   maximum   and   minimum 
thermometers,  are  all  very  complete.    Some  schools  simply  men- 
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tioned  these  to  show  what  the  character  of  the  apparatus  they 
use  is. 

Forty-five  reports  make  definite  mention  of  either  a  some- 
what limited  or  a  wide  use  of  contour  maps.  In  answer  to  an- 
other question,  one  teacher  says  that  he  doubts  the  value  of 
contour  maps  as  laboratory  material  in  the  hands  of  the  student. 
The  suggestion  has  already  been  made  that  wherever  available 
the  introductory  interpretative  study  of  a  contour  map  should 
be  based  upon  the  local  map;  if  not  upon  a  local  map  then  a 
map  that  approximates  local  conditions  should  be  introduced. 
The  map  itself  can  never  stand  for  laboratory  work.  The  form 
behind  the  symbolism  of  the  map  must  be  insisted  upon.  There 
are  no  points  in  such  maps  any  more  difficult  than  the  symbol- 
ism in  algebra.  The  student  must  know  definitely  and  finally 
that  the  contour  line  is  the  basis  of  such  maps  and  that  prac- 
tically all  questions  from  the  topographic  standpoint  must 
be  referred  to  them  for  answer.  No  involved  apparatus  is 
needed  to  show  what  the  contour  line  is.  A  bucket  with  a  hose 
bib  set  in  it  near  the  bottom,  water  and  an  irregular  rock  with 
the  irregularities  rounded  down  if  possible,  is  much  to  be  pre- 
ferred to  complicated  apparatus  now  sold  for  this  purpose,  or 
to  the  "data"  method  given  by  some  manuals.  The  average  stu- 
dent has  before  beginning  the  subject  a  fund  of  observation 
large  enough  to  build  upon  in  interpreting  these  maps.  This 
should  be  supplemented  by  some  form  of  field  work  to  clinch 
such  interpretation.  Students  of  average  ability  in  the  fresh- 
man year  can  interpret  these  maps  without  overdue  expenditure 
of  time  and  energy  and  without  acquiring  a  distaste  for  such 
work.  The  writer  has  tried  such  a  class  of  students  on  free 
hand  modeling  in  clay  of  such  sheets  as  the  Cucamonga,  Charles- 
town,  Watkins  and  Watrous,  asking  for  larger  features  only. 
In  every  case  the  pupil  in  one  hour's  time  was  able  to  translate 
a  small  but  typical  part  of  each  map  into  a  relief  map.  In  most 
instances  this  work  had  been  preceded  by  the  study  of  not  more 
than  a  half  dozen  maps. 

It  is  certainly  unwise  to  expect  the  development  of  the  great 
breadth  of  content  possessed  by  the  subject — ^and  certainly  some 
of  this  breadth  of  content  should  be  acquired  by  the  student  to 
do  either  the  student  or  the  subject  justice — either  by  the  text 
method  or  the  field  method  or  by  a  combination  of  them.  It 
should  be  noted  that  a  failure  to  secure  the  breadth  of  view 
loses  to  the  student  one  of  the  cardinal  values  of  geography. 
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Incidentally  the  loss  of  this  point  carries  with  it  the  value  that 
the  subject  may  have  with  respect  to  scientific  training,  to  the 
humanistic  side,  to  its  basal  character  for  history  and  other  sci- 
ences. It  seems  logical  then  to  secure  this  wideness  of  view, 
after  the  student  has  exhausted  the  possibilities  of  field  work 
because  of  the  somewhat  limited  character  of  any  local  field  and 
because  of  untoward  conditions  of  schedules,  through  the  use 
of  contour  maps. 

The  use  of  models  is  valuable  in  interpretative  work.  They 
are  not  so  amenable  for  use  in  the  laboratory  work  by  students, 
as  are  contour  maps.  The  cost  of  models  is  great  also.  The 
making  of  them  by  the  students  and  teacher  working  together 
is  to  be  favored.  However,  one  class  can  hardly  be  expected 
to  assist  with  more  than  one  or  two  such  maps  in  a  semester. 

The  failure  to  use  intricate  apparatus  and  the  uniformity  with 
which  simple  apparatus  is  insisted  upon  is  commendable.  The 
use  and  value  of  the  meteorological  instruments  will  be  discussed 
as  a  separate  topic. 

Question  25.  Do  you  do  any  elementary  chemical  and  phys- 
ical experiments  for  their  bearing  in  physical  geography? 

Eleven  schools  report  that  no  such  experiments  are  done. 
Forty-one  answer  in  the  affirmative  and  five  say  that  "a  few" 
are  done,  making  a  total  of  forty-six  schools  employing  such 
work.  In  view  of  the  composite  character  of  physiography  and 
meteorology,  it  is  not  possible  to  teach  either  line  of  work  in  the 
freshman  or  sophomore  year  without  some  such  work,  unless 
there  are  thoroughly  organized  and  vigorously  presented  elemen- 
tary science  courses  in  the  grades.  These  experiments  should  be 
almost  wholly  of  a  qualitative  character.  The  how  of  the  thing 
is  much  more  important  at  this  age  than  the  how  much, 
{To  be  continued.) 


HABDENINa  PLATINUM. 

Pure  platinum  is  as  soft  as  soft  iron,  and  nearly  all  the  commercial 
product  is  hardened  by  the  addition  of  iridium,  which  is  one  of  the 
congeners  of  platinum.  It  is  stated  that  osmium,  another  member  of 
this  alliance  of  high-priced  metals,  has  been  found  superior  to  iridium 
for  the  purpose  mentioned,  2  per  cent  of  osmium  imparting  as  much 
hardness  as  5  per  cent  of  iridium  and  much  greater  elasticity.  The 
presence  of  iron  or  copper  is  said  to  neutralize  in  a  considerable  measure 
the  hardening  effect  of  osmium.  More  than  20  per  cent  of  the  latter 
metal  renders  the  platinum  brittle.  The  alloying  must  be  done  in  a 
deoxidizing  atmosphere,  as  osmium  is  easily  oxidized  and  the  fumes 
are  poisonous. 
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PROBLEM  DBPABTMBNT. 

By  £.  L.  BsowN, 

Principal  North  Side  High  School,  Denver,  Colo. 

Readers  of  this  magazine  are  invited  to  send  solutions  of  the  problems 
in  which  they  are  interested.  Problems  and  solutions  will  be  duly  cred' 
ited  to  their  authors.  Address  all  communications  to  E.  L,  Brown,  $435 
Alcott  Street,  Denver,  Colo. 

Algebra. 

259.    Proposed  by  R.  E.  Bowman,  Alliance,  Ohio. 
Solve: 

xy-2.  (2). 

No  solution  received. 

Remark  by  Editor.  This  problem  appeared  in  the  first  edition  of 
Ha wkes' Advanced  Algebra,  Ex.  60,  p.  118.  In  later  editions  equation  (1) 
reads: 


('--^)*+(^^)*=«- 


The  problem  as  proposed  can  of  course  be  solved  by  eliminating  either 
of  the  unknown  quantities  and  solving  the  resulting  equation  by  Homer's 
method.    Can  the  problem  as  proposed  be  solved  by  quadratics? 

260.    Proposed  by  A.  C  Smith,  Denver,  Colo. 

The  sum  of  three  numbers  in  G.  P.  is  42.  The  difference  between  the 
squares  of  the  first  and  the  second  is  60.  What  are  the  numbers? 
(Hawkes'  Advanced  Algebra,  Ex.  26^  p.  140.) 

Solution  by  Gertrude  L.  Roper,  Detroit,  Mich.,  and  S.  F.  Atwood, 
Dayton,  Wash. 

Let  x=first  number  in  series 

And  y=ratio 

Then  ^+^3;+jry^=42 

And  ^r'y'— jr^=60. 

60      _     

"  1+jK+y 

Or  5y+l(y—132y+10y+ 152=0.  (1) 

By  Remainder  Theorem  y— 4  is  a  factor. 

.*.3F=4  and  x=2. 

Therefore  the  numbers  are  2,  8,  32. 

Remark: 

Professor  T.  M.  Blakslee,  Ames,  la.,  reduced  equation  (1)  to  the 
form: 

4r*+^-€.6ir*+.25*+1.9=0. 
and  solved  graphically. 


60  /        42        \» 

Hence  ^^  =  (  i+^+y  ) 
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261.    Selected, 
0^  -.^■'- 


Geomotry. 


If  A,  B,  C  are  three  collinear  points,  and 
if    K    is   any   other   point,    prove   that   the 
circumcenters  of  the  triangles  KBC,   KCA, 
KAB  are  concylic  with  K, 
Solution  by  Orville  Price,  Denver,  Colo. 
Let  L,  M,  N  be  the  mid-points  of  AK, 
_  BK,  CK,  respectively.    Let  Oi  be  center  of 
A  B  C  circle  AKC,  0%  of  circle  AKB,  and  Ot  of 

circle  BKC. 

Z  KBC=  Z  KO3N=180"-  Z  KO3O1 
Z  KOjL«180°—  Z  KBAs  Z  KBC 
.-.  ZKOaL=180''— ZKO3O1 
Since  angles  KOsL  and  KOsOi  are  supplementary,  the  quadrilateral  is 
inscriptible. 

262.  Proposed  by  H,  E.  Trefethen,   Waterville,  Me. 

In  a  quadrant  a  circle  is  inscribed  and  in  the  space  included  by  this 
circle  the  arc  of  the  quadrant  and  one  of  its  sides  a  smaller  circle  is  in- 
scribed.    Show  how  to  construct  the  two  circles. 

Solution  by  the  proposer. 

1.  Let  O  be  the  center  vertex  of  the  given  quadrant  and  P  the 
middle  of  its  arc.  Draw  PB  cutting  one  side  of  the  quadrant  at  B  and 
making  the  angle  BPO=22^  30^.  Draw  BI  parallel  to  the  other  side  and 
cutting  PO  in  I.  I  is  the  center  of  the  inscribed  circle.  For  BIO=45** 
=^BPI=^PBI. 

Again  draw  ON  making  angle  NOP=tan~^  ^  and  so  passing  through 
the  center  of  the  smaller  inscribed  circle  and  through  K,  its  point  of 
tangency  with  the  arc  of  the  quadrant  See  problem  257.  Draw  KH 
making  angle  FKH=(tan''^7)/2  and  cutting  a  side  of  the  quadrant  in 
H.  Erect  HF  perpendicular  to  this  side  cutting  OK  in  F.  F  is  the 
center  of  the  required  circle.  For  FKH=FHK=(0FH)/2  and  by 
problem  257,  0H=7FH. 

263.  Proposed  by  Olaf  K.  Lie,  Richmond,  Mass. 
Construct  a  triangle,  having  b,  c  and  r. 
Solution  by  the  Proposer. 

We  have  the  formulas 

A=^,  A*=s(s—a){s—b){s—c); 

where  2s^a+d+c. 

From  the  given  equations  we  have 

5(5— fl)(5— *)(f— f)  =5*f*, 

or  (s^a){s^b){s^c)=sf*. 
Solving  for  s  and  reducing  we  have 

Eliminating  s  we  have 

a«— (*-(-r)a«+[4f«-(*-tf,«]fl+(H^)[4r«-f(*-^)»]==0. 
As  this  is  not  a  guadratic  equation,  the  construction  cannot  in  general  be 
made  by  use  of  rule  and  compasses. 

Miscellaneous. 

264.  Suggested  by  Anon. 

'*The  most  common  divergences  (of  leaves  on  a  stem)  are  the  following: 

1         1         2        3         5         8        13        ^        ^.  ,         .  ^.       ..^        ^ 

"T*  ~'   T'   X'   U'   "2^    34  »   ^^"^     ^^^  ^^''^  ^'  ^^^  ^^^^^ 
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fractions  varies  between  -^  and  —  while   always   approaching  a   diver- 
gence angle  of  137^  30'  28'.'*    (Strassburger,  Noll»  Scfaenck  and  Karsten's 
Botany,  p  42).     Prove  the  two  statements  of  the  second  sentence. 
SoluHon  byH,  E.  Tre/ethen,  WaUrvUU,  Me. 

112         3 
— .  -r-  ,   -r- ,  -5- ,  etc. ,  are  convergents  to  the  continued  fraction 

-Y  +  ~i 1 — I — I — \ — h  c^c.    The  convergents  in  order  are  alternately 

greater  and  less  than  the  continued  fraction  and  each  convergent  is  nearer 
to  the  continued  fraction  than  any  preceding  convergent  Hence  the  value 
of  the  given  fractions  varies  between  %  and  M* 

Puta==-^  +  -j-  +  —  +  —  +  etc,  ;r-.-j-  +  -j--f-j--f  etc. 

Ill  • — 

Thena=  ^-j—  =-^  +  1-7— •       Whence ;r=(—l+v5)/2,  since  x  must 

be  positive;  a=(3-l/5)/2=0.3819660112. ...  or  137''  30'  27.95'. . . . 

PBOBLEKS  FOB  SOLUTION. 
Algebra. 

271.  Example  S5,  pf^O^  nS,  Hawked  Advanced  Algebra, 

Solve:  3^rr=-?=r'  <'> 

272.  Proposed  by  E.  A,  Cummings,  Denver,  Colo, 

Five  balls  are  in  a  bag,  and  it  is  not  known  how  many  of  these  are 
white;  two  being  drawn  are  both  white.  Find  the  probability  that  all 
are  white. 

Geometry. 

273.  Proposed  by  H,  H,  Seidell  St.  Louis,  Mo. 

The  chord  of  a  segment  is  10  feet  and  the  radius  of  the  circle  is  ]^ 
feet.    Find  the  area  of  the  segment. 

274.  Proposed  by  Olaf  K,  Lie,  Richmond,  Mass. 

In  a  sphere  is  inscribed  a  cone  whose  volume  is  one- fourth  the 
volume  of  the  sphere.  Find  the  altitude  and  the  radius  of  the  base  of 
the  cone. 

275.  Selected. 

Prove  that  the  circumcircle  of  the  triangle  formed  by  any  three  of 
the  four  common  tangents  to  two  circles  passes  through  the  mid-point 
of  the  line  joining  their  centers. 

Trigonometry. 

276.  Proposed  by  Franklin  T,  Jones,  Cleveland,  Ohio. 

In  a  right  spherical  triangle,  the  sum  of  two  legs,  a  and  b,  is  180°,  and 
the  sum  of  the  opposite  angles  A  and  B,  is  also  180^.  If  in  such  a 
triangle  A=S^  find  the  lengths  of  the  sides.  (From  an  entrance  ex- 
amination paper  of  Harvard  University). 

Correction. 
Page  855,  problem  272,  for  proper  functions  read  proper  fractions. 
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SCIENCE  QUESTIONS. 

By  FitANKi^iN  T.  Jones, 
University  School,  Cleveland,  Ohio, 

Our  readers  are  invited  to  propose  questions  for  solution — scientific 
or  pedagogical — and  to  answer  the  questions  proposed  by  others  or  by 
themselves.  Kindly  address  all  communications  to  Franklin  T,  Jones, 
University  School,  Cleveland,  Ohio. 

The  following  set  of  review  questions  has  been  contributed  by  John 
C,  Packard,  of  Brookline,  Mass.  In  the  opinion  of  the  Editor,  the  great- 
est value  that  can  come  from  this  department  arises  from  the  con- 
tribution of  just  such  lists  as  this  and  the  consequent  exchange  of  ideas. 

What  are  you  doing  that  gets  good  results? 

REVIEW  QUESTIONS  FOB  BEGINNERS'  PHYSICS  CLASS, 
OCTOBEB,  1911. 

1.  Water. 

(o)     Weight  per  cubic  foot? 

(b)  Pressure  per  foot  of  depth?    How  determined? 

{c)    Pressure  in  pounds  per  square  foot  at  60  feet  depth  in 
the  ocean? 

<(i)     Pressure  at  water  tap  in  lecture  room? 

{e)     Instruments  for  measuring  pressure,  describe. 

(/)     Cost  of  "city  water"  per  100  cubic  feet  in  our  town? 

2.  Illuminating  Gas. 

(a)     Pressure,   how   measured? 

(&)     Pressure  in  our  lecture  room?    How  may  this  be  expressed 
in  pounds  per  cubic  foot? 

(c)  Volumes,  how  measured? 

{d)     Cost  of  burning  1,250  cubic  feet? 
{e)    Meter,  how  read? 

3.  Electricity. 

(a)     Pressure,  how  measured? 

{b)     Pressure  in  our  laboratory? 

(r)     Pressure  at  terminals  of  one  dry  cell? 

{d)     Rate  of  flow,  how  measured?     In  what  terms? 

{e)     Define  watt,  kilowatt,  kilowatt-hour. 

(/)     Cost  of  16  K.  W.  H.? 

ig)     Electricity  consumed  by  one   16-c.  p.  carbon  lamp? 


THE  SOURCES  OF  TUNGSTEN. 

The  principal  sources  of  tungsten  in  the  United  States  are  two: 
Boulder  County,  Colorado,  and  Atolia,  California.  It  occurs  in  other 
places  which  are  not  now  productive.  It  occurs  mainly  in  the  mineral 
tungstates  of  iron,  manganese,  and  calcium,  the  ore  being  concentrated 
and  rated  according  to  the  content  of  tungstic  acid,  WOs.  Prices  vary 
with  the  demand.  A  sufficiently  recent  schedule  of  prices  in  Boulder 
County,  Colorado,  grades  the  crude  ore  from  $3  a  ton,  when  it  contains 
1  per  cent  of  tungstic  acid,  to  $450  a  ton  of  ore  containing  60  per  cent 
tungstic  acid.  The  product  is  used  largely  as  a  steel  alloy,  while  metallic 
tungsten  is  now  prepared  and  extensively  used  as  incandescent  lamp 
filaments.  The  United  States  Geological  Survey  of  Washington,  D.  C, 
will  willingly  supply  inquirers  with  comprehensive  reports  upon  the 
tungsten  industry. 
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BEFEBEKOE  TO  PAMPHLETS  MADE  EAST. 

Percy  E.  Rowell, 
Berkeley,  California, 

The  publications  of  the  United  States  Department  of  Agriculture  are 
very  valuable  to  those  interested  in  agriculture,  either  as  students  or 
agriculturists,  and  the  people  at  large  are  rapidly  realizing  and  ap- 
preciating their  usefulness.  On  account  of  the  diversity  of  the  subjects 
which  are  investigated  in  the  various  divisions  of  the  Department  of  Agri- 
culture, and  which  are  treated  in  its  many  publications,  the  latter  also 
supply  much  interesting  material  for  several  of  the  high  school  sciences. 
Since  general  science  from  its  nature  embraces  all  of  the  sciences  in  an 
introductory  manner,  it  can  obtain  most  of  its  supplementary  material 
from  these  publications.  The  Department  of  Agriculture  is  very  gen- 
erous, especially  to  educational  institutions,  and  thus  it  is  possible  for 
any  school  to  build  up  a  very  satisfactory  reference  library  at  com- 
paratively little  cost. 

While  the  publications  are  readily  available  for  educational  purposes, 
there  are  practical  difficulties  which  handicap  their  use,  and  which  may 
cause  them  to  be  worthless,  both  physically  and  educationally.  Nearly 
all  of  the  publications  are  without  covers  and  thus  they  rapidly  become 
worn  out  under  the  rough  usage  which  they  receive  at  the  hands  of  the 
students.  Being  thin,  the  bulletins  are  stacked,  and  even  if  they  are 
arranged  in  good  order,  the  order  becomes  chaotic  perhaps  in  an  hour's 
use.  No  reference  library  is  valuable  where  the  information  must  be 
.sought  with  exasperation  and  loss  of  patience.  A  small  library,  well  in- 
dexed, is  better  than  a  larger  one  in  which  there  is  little  or  no  order. 

One  system  of  classification  is  to  have  a  large  number  of  narrow  re- 
ceptacles, each  capable  of  holding  several  publications  of  kindred  subject 
matter,  the  receptacles  being  indexed  according  to  a  modified  Dewey 
system.  A  leaflet  describing  this  system  may  be  obtained  from  the  Office 
of  Experiment  Stations,  Department  of  Agriculture,  Washington.  D.  C. 
Using  this  system  all  of  the  publications  in  a  given  receptacle  must  be 
turned  out  and  examined,  in  order  to  find  the  desired  information,  thereby 
causing  a  rapid  physical  depreciation  of  the  pamphlets  and  a  lessening 
appreciation  of  the  information.  However,  if  a  very  large  number  of 
publications  are  to  be  made  handy  for  reference,  or  if  a  comparatively 
few  mature  students  are  to  work  >^ith  such  a  collection,  this  method 
has  its  advantages. 

In  my  work  in  General  Science,  however,  where  the  class  is  com- 
posed chiefly  of  ninth  grade  pupils,  it  has  been  found  best  to  make 
reference  work  as  easy  as  possible,  in  order  to  stimulate  a  desire  for 
independent  reading.  While  the  method,  to  be  described,  might  prove 
unsatisfactory  for  handling  several  hundred  pamphlets,  it  is  eminently 
satisfactory  where  there  are  but  a  few  more  than  one  hundred,  which 
is  the  case  in  my  General  Science  text. 

The  materials,  necessary  for  all  of  the  pamphlets  which  are  referred 
to,  are  as  follows: 

Twelve  sheets  stencil  board  (hard  pressed  Manila,  light  weight)  28^^ 
x42";  108  elastic  bands  of  square  cross  section  No.  18;  108  Dennison's 
labels  No.  259. 

Cut  the  stencil  board  into  pieces  9%''xl2^''.  Fold  each  piece  across 
its  shorter  diameter,  six  inches  from  one  end.  This  allows  the  other 
side  to  project  three-fourths  of  an  inch.  With  the  folded  edge  next  to 
you,  having  the  shorter  side  on  top,  paste  a  label  on  the  left  side  of  the 
extension.    This  is  to  be  the  top.    Trim  the  two  corners  of  the  extension 
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similar  to  the  corners  of  the  label,  and  also  trim  the  two  ends  of  the 
fold  in  the  same  manner.  This  makes  notches  at  the  fold.  Place  the 
bulletin  in  this  cover  with  the  right  side  of  the  top  next  to  the  label. 
Open  the  cover  and  also  open  the  bulletin  at  its  middle.  Then  place 
an  elastic  band  around  the  cover,  and  the  middle  of  the  bulletin,  and 
push  it  into  the  notches.    The  bulletin  is  bound. 

Number  the  labels  according  to  the  number  of  the  bulletin.  Thus: 
Farmers'  Bulletin  28  would  be  F.  B.  28,  Office  of  Experiment  Stations 
Bulletin  101  would  be  O.  £.  S.  B.  101,  Bureau  of  Soils  Bulletin  73 
would  be  B.  S.  B.  73,  reprints  from  Yearbook  would  be  R.  Y.,  followed 
by  the  number,  and  Forest  Service  Circular  130  would  be  F.  S.  C.  130. 

These  bound  pamphlets  are  to  be  treated  as  cards  in  a  card  index. 
A  box  is  necessary  for  this  purpose,  and,  for  the  hundred  odd  publi- 
cations which  are  used  with  this  book,  the  following  dimensions  should 
be  used:  Length,  20^,  width,  9J^",  depth,  5",  all  inside  measurements. 
The  stock  should  be  one-half  inch  thick,  planed  on  both  sides,  and  the 
bottom  should  be  set  in  and  not  nailed  on  the  outside. 

The  pamphlets  should  be  arranged  according  to  increasing  numbers 
in  each  class,  that  is:  F.  B.,  O.  £.  S.  B.,  etc.,  and  the  classes  should  be 
separated  by  single  sheets  of  cardboard,  bearing  a  label  in  the  middle  of 
(the  top,  stating  the  class.  This  cardboard  should  be  different  from  the 
-:5tencil  board  and  also  should  be  thicker.  Its  dimensions  should  be 
"^Wry".  By  this  method  any  pamphlet  is  immediately  accessible,  and, 
;.since  all  the  references  are  given  by  number  of  pamphlet,  and  also  by 
ipage  number,  there  is  no  need  of  classification  by  subject  matter.  This 
iff  aaa  added  advantage,  for  the  pupils  will  learn  to  classify  facts  for  them- 
selves, which  is  a  long  step  towards  education. 


WHAT  OUB  BIVEES  OABBT. 

Enormous  Loads  of  Sediments  and  Dissolved  Chemicals— Importance 

of  Water  Investigations  by  United  States  Geological  Survey. 

Colorado  River  discharges  during  an  average  year  into  the  Gulf  of 
California  338,000,000  tons  of  mud  and  silt  as  suspended  matter.  In  addi- 
tion to  this  the  dissolved  substances  in  the  water  include  4,550,000  tons  of 
sodium  chloride,  or  common  salt ;  3,740,000  tons  of  Glauber's  salts ;  4,000,- 
€00  tons  of  lime ;  2,400,000  tons  of  gypsum ;  and  4,800,000  tons  of  Epsom 
salts.  In  spite  of  all  this  dissolved  material  the  Colorado  at  its  mouth  is 
not  considered  to  be  a  stream  of  unusually  high  mineralization  for  that 
region  of  the  country.  The  reason  is  that  the  river  also  carries  so 
enormous  an  amount  of  water  that  the  dissolved  salts  constitute  a  compara- 
tively small  proportion  of  the  total  discharge.  Other  streams  in  the 
country  contain  dissolved  salts  in  greater  concentration— for  example,  the 
Elm  Fork  of  Red  River,  in  Oklahoma,  discharges  nearly  1,300,000  tons 
of  common  salt  annually.  Although  this  amount  is  not  so  great  as  that 
discharged  by  the  Colorado,  it  is  much  greater  in  proportion  to  the  size 
of  the  area  drained.  The  discharge  of  salt  from  the  Colorado  is  equal 
to  twenty  tons  annually  to  each  square  mile  drained  by  the  river,  but 
the  salt  in  Elm  Fork  of  Red  River  is  equal  to  1,680  tons  per  square  mile 
of  area  drained.  The  same  river  discharges  annually  177,000  tons  of 
magnesium  chloride,  168,000  tons  of  Epsom  salts,  690,000  tons  of  gypsum, 
and  54,000  tons  of  lime.  These  quantities,  too,  are  considerably  greater 
than  those  carried  in  the  Colorado  in  proportion  to  the  size  of  the 
drainage  area. 
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ARTICLES  IN  OUBBSNT  PBBI0DI0AL8. 

American  Forestry  for  November:  "A  Fire  Protection  Plan  in  the 
Southern  Appalachians,"  W.  H.  Weber  (eight  illustrations)  ;  "Reforesta- 
tion on  the  Pike  National  Forest,"  C.  W.  Fitzgerald  (five  illustrations) ; 
"Fire  Protection  in  the  National  Forests,"  Earle  H.  Clapp;  "The  Minne- 
sota Forest  Experiment  Station,"  Dillon  P.  Tierney,  (six  illustrations) ; 
'The  Water  Oak  as  a  Shade  Tree,"  C.  D.  Mell,  (one  illustration); 
"Co-operation  in  Forest  Protection,"  E,  T.  Allen;  "Timbcrland  Pro- 
tective Associations,"  E.  A.  Sterling;  "Forest  Schools  of  the  United 
States,  VI.  University  of  Georgia,"  (four  illustrations):  "Collecting 
Lodgepole  Pine  Seed"  A.  M.  Cook;  "Forest  Schools  of  the  United 
States,  VII.  Biltmore  Forest  School."  (four  illustrations). 

Catholic  Educational  Review  for  November:  "Religion  in  Education/' 
Edward  A.  Pace;  "Fatigue  in  Teachers,"  Brother  Valentine;  "The  Edu- 
cation of  the  Priest  of  To-day,"  J.  A.  McClorey;  "The  Educational 
Work  of  the  New  York  Sisters  of  Charity,"  A  Sister  of  Charity;  "Mili- 
tary Training  for  Adolescents,"  John  J.  Tracy;  "Education  of  the 
Laity  in  the  Middle  Ages,"  Patrick  J.  McCormick. 

Educational  Psychology  for  November:  "Problems  in  the  Psychology  of 
Vocational  Education,"  David  Snedden;  "The  Bearing  of  Heredity  upon 
Educational  Problems,"  Henry  H.  Goddard;  "Mental  Development  and 
the  Measurement  of  the  Level  of  Intelligence,"  Sante  de  Sanctis. 

Education  for  November :  "Sociological  Basis  of  the  Science  Education," 
Charles  A.  Ellwood;  "Observance  of  Historic  Days  at  School,"  Horace 
G.  Brown;  "The  New  England  Town  School,"  Alden  H.  Abbott;  "Cul- 
tural Value  of  Music,"  Helen  E.  Sellea. 

Mathematical  Gazette  for  October:  "The  Theory  of  Order,  as  De- 
fined by  Boundaries."  E.  T.  Dixon;  "Proof  by  Recurrence,"  Sidney  Lup- 
ton;  "Appreciative  Remarks  on  the  Theory  of  Groups,"  Professor  G.  A. 
Miller. 

Physical  Review  for  November:  "An  Absolute  Determination  of  the 
Minimum  Ionizing  Energy  of  an  Electron,  and  the  Application  of  the  The- 
ory of  Ionization  by  Collision  to  Mixtures  of  Gases,"  Edwin  S.  Bishop; 
"Studies  in  Luminescence.  XVI.  The  Fluorescence  and  Absorption  of 
Certain  Uranyl  Salts,"  Edw.  L.  Nichols  and  Ernest  Merritt;  "Determi- 
nation of  Peltier  Electromotive  Force  for  Several  Metals  by  Compensa- 
tion Methods,"  A.  E.  Caswell;  "The  Recovery  of  the  Giltay  Selenium 
Cell  and  the  Nature  of  Light  Action  in  Selenium,"  F.  C.  Brown;  "Ther- 
mal Conductivity  at  High  Temperatures,"  M.  F.  Angell ;  "On  the  Fatigue 
of  Metals  Subjected  to  Roentgen  Radiation,  in  the  Presence  of  Chem- 
ically Active  Gases,"  Edward  G.  Rieman;  "New  Records  of  Sound  Waves 
from  a  Vibrating  Flame,"  Joseph  G.  Brown. 

Popular  Astronomy  for  December:  "Star  Colors  and  a  Method  of 
Verifying  Them,"  C.  H.  Gingrich;  "Star-Streams  and  Their  Distribution," 
Hector  Macpherson;  "The  Isolation  of  an  Ion,"  William  J.  Humphreys; 
"The  Evolution  of  the  Starry  Heavens,"  T.  J.  J.  See;  "Mas  as  Seen 
with  an  11-Inch  Reflector,"  Latimer  J.  Wilson;  "The  Perseids  1911," 
R.  M.  Dole;  "A  Modem  Look  at  the  Universe,"  Henry  Olerich. 

Psychological  Clinic  for  October:  "Retardation  in  the  Schools  of  Palo 
Alto,  California.  A  Study  of  Pedagogical  Life  Histories,"  I.  D.  Payne; 
"Retardation  in  the  Schools  of  Stockton,  California.  A  Study  of  300 
Pedagogical  Life  Histories,"  J.  O.  Gossett,  Leland  Stanford  Junior  Uni- 
versity; "The  Renaissance  of  Bob,"  Charles  K.  Taylor,  Philadelphia.  Pa. 
For  November:  "Congenital  Aphasia,"  Clara  Harrison  Town,  Ph.D., 
Resident  Psychologist,  Lincoln  State  School  and  Colony,  Lincoln,  III.; 
"A  Speech  Defect  Case  Treated  at  Columbia  University,"  Alice  C. 
Hinckley;  "The  Binet-Simon  Measuring  Scale  for  Intelligence:  Some 
Criticisms  and  Suggestions,"  Leonard  P.  Ayres,  Ph.D. 

School  World  for  November:  "The  Teacher  of  the  Adolescent,"  A.  J. 
Pressland;  "An  Experiment  in  Elementary  Woodwork,  I.,"  T.  S.  Usher- 
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wood  (illustrated);  "The  Royal  Dockyard  Schools,"  Thomas  Dawe;  "On 
the  Training  of  Boy  Artificers  for  the  Royal  Navy,"  W.  H.  T.  Pain; 
"The  Teaching  of  Mathematics  in  the  United  Kingdom,"  J.  B.  Dale; 
"The  School  Garden  as  a  Means  of  Education,"  Alex.  Logan;  "Sec- 
ondary Schools  and  Free  Secondary  Education,"  J.  W.  Monkman. 

Unferrichtsbl'dtter  fiir  Mathematik  und  Naturwissenschaften,  No.  7.: 
"Die  Behandlung  des  Planktons  im  Schulunterricht,"  Prof.  Dr.  R.  v.  Han- 
stein;  "Der  heutige  Stand  der  Lehre  vom  Lichtwechsel  der  Fixsteme," 
Prof.  Dr.  J.  Plassmann;  "Uebey  das  virtuelle  Bild  eines  unter  Wasser 
befindlichen  Punktes,"  Dr.  H.  Wieleitner. 

Zeitschrift  fiir  Mathematiscken  und  Naturwissenschaftlichen  Unter- 
richt  for  November:  "Ebene  und  spharische  Trigonometrie  auf  ganz 
neuer  Grundlage,"  Ernest  von  Sziics;  "Beweis  des  Tangentialsatzes 
mittels  der  Pfielpunktssehne,"  H.  Pfaff;  "Schriften  des  Deutschen 
Ausschusses  fiir  den  Mathematischen  und  naturwissenschaftlichen  Un- 
terricht,"  W.  Lietzmann;  "Zur  Geometrographie,"  edited  by  K  Hagge. 


According  to  the  reports  of  the  JJnited  States  Geological  Survey,  there 
are  a  number  of  anthracite  coal  "fl#&('  n  Colorado,  New  Mexico,  Mon- 
tana, and  Washington,  besides  the  great  anthracite  deposits  in  Penn- 
sylvania. 


NORTH  AMERICA  GEOLOGT. 
New  Bibliography  Issued  by  United  States  Geological  Survey. 

The  United  States  Geological  Survey  has  just  issued  as  Bulletin  495 
its  Bibliography  of  North  American  geology  for  1910  by  J.  M.  Nickles. 
It  covers  publications  bearing  on  the  geology  (including  the  paleontology, 
petrology  and  mineralogy)  of  North  America  and  adjoining  islands;  also 
Panama  and  Hawaii.  This  bulletin  is  one  number  of  a  series  of 
bibliographies,  the  preceding  number  being  Bulletin  444,  which  is  a  bibliog- 
raphy of  the  geologic  publications  of  1909.  A  plan  of  cross  references  is 
used  by  which  the  reader  can  readily  ascertain  all  the  papers  which  have 
been  published  on  any  particular  subject  or  area,  or  by  any  author.  A 
copy  of  the  bulletin  may  be  obtained  by  applying  to  the  Director  of  the 
Geological  Survey. 


INTERNATIONAL  CONGRESS  OF  MATHEMATICIANS. 

The  organizing  committee  of  the  fifth  International  Congress  of  Mathe- 
maticians, to  be  held  at  Cambridge,  England,  August  22-28,  1912,  has 
issued  a  circular  giving  the  following  items  of  information: 

"Special  arrangements  will  be  made  for  the  consideration  of  the  reports 
of  the  international  committee  appointed  at  the  congress  in  Rome  to 
inquire  into  the  teaching  of  mathematics. 

"The  committee  has  commenced  to  organize  a  series  of  lectures  which 
shall  give  some  idea  of  the  present  state  and  progress  of  the  principal 
branches  of  mathematics,  including  its  applications.  The  speakers  already 
chosen  are  E.  Borel,  E.  W.  Brown,  A.  Kneser,  E.  G.  H.  Landau,  Sir 
J.  Larmor,  and  Sir  W.  White.    Their  subjects  will  be  announced  later. 

"The  congress  will  be  divided  into  four  sections :  I,  Arithmetic,  Algebra, 
Analysis;  II,  Geometry;  III,  Applications;  IV,  Philosophical  Questions." 
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"EQUALS." 

By  Maolb  Dou>ri. 
Boston. 

This  note  is  a  response  to  the  invitation  on  page  717  of  the  November, 
1911  number  of  School  Science  and  Mathematics  to  teachers  to  give 
some  explanation  of  what  is  meant  by  the  term,  "equal" 

The  best  test  of  one's  comprehension  o.  the  things  he  is  dealing  with 
is  not  verbal  definition,  but  the  way  he  acts  in  their  presence.  Thus,  one 
who  puts  sugar  in  his  tea  and  salt  on  his  celery  has  the  necessary  and 
sufficient  knowledge  of  sugar  and  salt  for  the  purposes  of  his  luncheon, 
though  he  could  not  put  into  words  his  concept  of  either. 

In  much  the  same  way,  a  student  who  freely  interchanges  "equals"  in 
his  mathematical  proceedings  as  convenience  dictates,  has  acquired  the 
necessary  and  sufficient  knowledge  of  their  nature.  Things  are  equal  if 
either  can  be  substituted  for  the  other  without  change  in  either,  and  with- 
out change  in  any  whole  of  which  eith' .  may  be  a  part ;  and  conversely. 
This,  to  be  sure,  is  very  like  saying  things  are  the  same  when  they  are  not 
different.    But  such  definitions  of  « .c3ik..aable  things  do  sometimes  help. 

One  who  is  employing  equals  properly  knows  that  the  term  when  applied 
to  complex  entities  requires  a  phrase,  either  expressed  or  understood,  to 
define  its  application.  Thus,  sects  may  be  equal,  unqualifiedly  equal,  be- 
cause a  sect  possesses  but  one  trait,  the  irreducible  and  undefinable  some- 
thing by  dint  of  which  it  is  a  sect.  But  polygons  may  be  equal  in  form 
or  in  area,  or  in  both.  Congruent  polygons  are  equal  in  both  form  and 
area.  A  ten  dollar  bill  and  ten  silver  dollars  are  equal  in  purchasing 
power,  but  not  in  convenience  for  a  given  purpose. 

This  sharply  delineated  notion  of  equals  is  secured  for  students,  not 
by  words  but  by  experience,  or,  as  I  should  prefer  to  say,  by  contacts. 
The  axiom  in  question,  "If  equals  be  subtracted  from  equals,"  etc.,  is  most 
convenient  and  harmless.  (I  think  it  is  harmless — and  yet,  I  wonder.) 
That  teachers  and  students  might  be  at  a  loss,  if  challenged,  to  justify 
it  in  words,  hardly  seems  sufficient  reason  to  deprive  them  of  its  use. 

In  addition,  I  should  like  to  suggest  the  duty  that  has  arisen  for  teach- 
ers of  geometry  to  make  plain  the  unreliability  of  all  knowledge  that  is 
the  product  of  purely  deductive  reasoning  and  of  nothing  else. 

Since  with  nothing  assumed,  nothing  can  be  proved,  and  the  assumptions 
are  the  "unverifiable  hypotheses,"  it  follows  that  for  many  of  the  elabo- 
rately demonstrated  conclusions  of  Euclidean  geometry  we  have  no  more 
guarantee  of  external  actuality  than  if  the  same  conclusions  had  been 
reached  directly  by  observation  and  measurement.  The  investigations  into 
its  foundations  show  that  geometry  no  more  than  other  subjects  can  claim 
absolute  certainty,  and  it  would  seem  that  it  was  time  this  later  aspect 
should  be  made  clearer  in  the  schoolroom. 


CUBA  FIFTH  LARGEST  IBON-QRE  FBODUOEB. 

The  shipments  of  Cuban  iron  ores,  according  to  statistics  collected  by 
the  United  States  Geological  Survey,  show  the  record-breaking  output 
for  1910  of  1,417,914  long  tons,  as  against  930,446  tons  for  1909,  the  great- 
est previous  production.  In  1900  the  production  was  446,872  tons.  The 
ores  are  obtained  from  deposits  near  Santiago.  Cuba  is  now  the  fifth 
largest  producer  of  iron  ore  in  the  world,  being  exceeded  only  by  the 
United  States,  Germany,  the  United  Kingdom  and  France. 


Digitized  by  LjOOQIC 


64  SCHOOL  SCIENCE  AND  MATHEMATICS 

NOTE  TO  "GENETIC  INSTRUCTION  IN  GEOMETBT/' 

T.  M.  Blaksixe,  Ames,  Iowa. 

"Given — The  square  A;  the  lines  m  and  n.  Required — Find  a  square 
S   such  that   S:A=m:n." 

Teacher.  What  two  squares  have  we  proved  to  have  the  same  ratio 
as  two  lines? 

Student.  The  squares  on  the  sides  of  a  right  triangle  have  the  same 
ratio  as  the  adjacent  segments  of  the  hypotenuse  formed  by  a  perpen- 
dicular to  it  from  the  vertex  of  the  right  angle. 

Teacher.  If  the  hypotenuse  move  parallel  to  its  original  position,  what 
can  you  say  of  the  ratio  of  the  segments  formed  by  the  rays  of  the  sides 
and  the  perpendicular? 

Student.    The  ratio  is  constant. 

Teacher.    If  this  ratio  is  m:n,  how  would  you  find  the  side  j  of  S? 

Student.  I  would  lay  off  the  side  adjacent  to  n  equal  to  a,  the  side  of 
A,  then  that  adjacent  to  m  would  be  s. 

Teacher.    How  would  you  have  the  ratio  m:n  in  one  case? 

Student.  On  m-hn  as  a  diameter  I  would  construct  a  semi-circle.  At 
the  join  of  m  and  n  I  would  erect  a  perpendicular  to  the  diameter,  cut- 
ting the  semi-circle  at  C.  I  would  join  C  with  the  ends  of  the  diameter. 
If  any  parallel  to  the  diameter  be  cut  by  the  three  rays  concurrent  at 
C,  forming  the  segments  m'  and  »';  m' •.n'=fn  :n. 

Professor  Hart's  statement:  "There  is  little  left  but  to  study  it, 
understand  it,  and  memorize  it,"  while  true  of  the  solution  given  by 
him  and  found  in  most  texts,  is,  I  trust,  not  true  of  this. 


CAUBRATING  TUBES  BT  ELECTRIC  RESISTANCE  MEASURE- 
MENT. 

The  measurement  of  resistance  of  a  mercury  column  has  been  employed 
by  T.  R.  Merton  to  calibrate  capillary  tubes,  always  a  troublesome  pro- 
ceeding when  done  by  measuring  the  change  in  length  of  a  pellet  of 
mercury.  The  English  periodical,  Knowledge,  describes  Mr.  Merton's 
method  as  follows:  The  ends  of  the  capillary  tube  communicate  with 
two  mercury  cups  which  are  connected  to  one  arm  of  a  Wheatstone's 

bridge.    The  mean  radius  r  is  given  by  r*  = y-  where  /  is  the  length 

of  the  capillary,  /  the  found  resistance,  and  d  a  correction  for  the  stream 
lines  at  the  ends  of  the  capillary,  k  the  specific  conductivity  of  mercury. 
It  has  occurred  to  the  writer  that  measurements  of  volume  in  gas  bur- 
rettcs  might  be  made  by  inserting  an  iron  resistance  wire  down  the 
burrette  inside  so  that  the  mercury  uncovers  more  or  less  of  the  wire 
as  it  is  raised  or  lowered,  the  change  in  resistance  of  the  wire  being 
accurately  measured. 


GREATEST  IRON  PRODUCING  REGION  IN  WORLD 

The  Mesabi  Iron  Range  in  Minnesota  produced  in  1910,  according  to 
the  United  States  Geological  Survey,  53^  per  cent  of  the  entire  iron- 
ore  production  of  the  United  States.  The  Lake  Superior  district,  includ- 
ing Minnesota,  Michigan  and  Wisconsin,  produced  81 5^  per  cent  of  our 
total  iron-ore  production.  Figures  from  other  countries  are  not  yet 
available  for  1910,  but  this  is  probably  a  greater  production  than  the  en- 
tire year's  output  for  any  foreign  country. 
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WISCONSIN  ASSOCIAnON  OF  MATHEMAnOS  TEACHERS. 

The  teachers  of  mathematics  present  at  the  meeting  of  the  Mathe- 
matics Conference  of  the  Wisconsin  Teachers'  Association  in  Milwaukee 
on  November  10,  effected  a  permanent  organization  under  the  name 
The  Wisconsin  Association  of  Mathematics  Teachers.  A  constitution 
which  had  been  approved  by  the  officers  of  the  general  organization  was 
adopted.  Organization  was  deemed  desirable  as  a  means  of  carrying 
through  from  year  to  year  in  the  programs  some  definite  ideas  and  as 
a  means  of  extending  further  the  field  of  usefulness  of  the  body.  All 
teachers  of  mathematics  in  the  schools  and  colleges  of  the  state  and  all 
principals  of  secondary  and  higher  schools  are  eligible  for  membership. 
The  following  officers  were  elected  for  the  ensuing  year: 

President — Mr.  Henry  Ericson,  Milwaukee. 

Vice-President — Miss  Mary  C.  Nye,  Superior. 

Secretary-Treasurer— Prof.  W.  W.  Hart,  Madison. 

Chairman  Executive  Committee — Prof.  J.  V.  Collins,  Stevens  Point. 


MEETING  OF  THE  TOLEDO  CENTEB. 

On  October  27,  at  the  Central  High  School,  Toledo,  Ohio,  was  held 
the  fall  meeting  of  the  Toledo  Center  of  the  Central  Association  of 
Science  and  Mathematics  Teachers.  The  attendance  was  much  larger 
than  that  at  the  meeting  last  spring  and  the  interest  was  proportionately 
greater.  It  was  an  extremely  helpful  meeting.  A  number  of  new  names 
were  added  to  the  roll  of  membership  of  the  association. 

E.  L.  Mosely  read  a  suggestive  paper  on  "Some  Ways  of  Teaching 
Practical  Hygiene."  Mr.  W.  P.  Holt,  of  Toledo  High  School,  gave  a 
stimulating  talk  on  "Illustrative  Material  in  Physical  Geography."  The 
"Round  Table  Discussions,"  presided  over  by  A.  W.  Stewart,  of  Toledo 
High  School,  extended  over  a  period  of  two  hours  because  of  the  un- 
usual interest  that  was  aroused  by  the  questions  submitted.  Some  of 
them  were: 

Educational  Leaks — How  Accounted  for,  How  Remedied. 

When  and  to  What  Extent  Should  Originals  be  Introduced  into  Ge- 
ometry? 

Definitions. 

The  Syllabus  Method  of  Teaching. 

The  Unification  of  Elementary  Mathematics. 

Present  Trend  of  Mathematics  Judging  from  Text-books. 

The  First  Twenty  Lessons  of  Geometry. 

M.  R.  Van  Chtvt, 
Secretary-  Treasurer, 


BOLIVIAN  TIN. 


Bolivia,  South  America,  is  the  second  tin-producing  country  in  the 
world,  being  only  surpassed  by  the  Straits  Settlements.  Tin  is  found 
principally  in  the  higher  peaks  of  the  Cordillera  Real,  overlooking  the 
basin  of  the  Amazon.  The  ore  averages  5  to  10  per  cent.  High  grade 
stream  tin  is  also  found.  In  most  operations  the  ore  is  merely  crushed 
and  washed,  and  concentrates  of  55  or  65  per  cent  tin  are  exported.  Gold, 
silver,  copper,  tungsten  and  petroleum  also  occur  in  this  country. 
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ELEVENTH  ANNUAL  MEETINa  OF  THE  CENTRAL  ASSOCIA- 
TION OF  SCIENCE  AND  MATHEMATICS  TEACHEBS. 

The  eleventh  annual  meeting  of  the  Central  Association  of  Science 
and  Mathematics  Teachers  was  held  at  Lewis  Institute,  Chicago,  Dec. 
1  and  2,  1911. 

The  program  was  good,  including,  besides  addresses  and  reports  at 
the  general  sessions,  many  very  valuable  papers  and  discussions  of  re- 
ports in  the  meetings  of  the  five  sections  of  the  Association. 

The  increasing  influence  of  the  Central  Association  in  the  teaching  of 
science  and  mathematics  in  the  central  states  was  manifested  by  the  un- 
usually large  attendance  at  the  meeting  and  interest  in  the  discussions, 
and  also  by  the  large  number  of  applications  for  membership  in  the  Asso-  . 
ciation  received  at  the  time  of  the  meeting.  It  is  gratifying  to  note 
that  these  new  members  arc  pretty  uniformly  distributed  over  a  wide 
range  of  territory,  including  all  of  the  central  and  some  of  the  western 
states. 

The  first  general  session  was  held  Friday  morning,  Dec.  1,  in  the 
Auditorium  of  Lewis  Institute,  and  was  presided  over  by  President 
Herbert  E.  Cobb.  The  address  of  welcome  was  delivered  by  Professor 
P.  B.  Wood  worth  of  Lewis  Institute.  The  response  in  behalf  of  the 
Association  was  delivered  by  A.  A.  Upham,  State  Normal  School,  White- 
water, Wis.  At  this  session  the  main  address  was  delivered  by  Dr. 
Charles  H.  Judd,  University  of  Chicago,  on  "The  Mission  of  Science  in 
Secondary  Schools."  Following  Dr.  Judd's  address,  the  report  of  the 
committee  continued  from  last  year  on  "Cooperative  Experiments  in 
Teaching  Science"  was  presented  by  the  chairman.  Dr.  C.  R.  Mann, 
University  of  Chicago.  The  committee  was  not  discharged,  and  it  is 
presumed  that  it  will  continue  its  investigation  for  another  year. 

Friday  afternoon  was  devoted  to  meetings  of  the  five  sections  of 
the  Association — Biology,  Chemistry,  Earth  Science,  Physics,  and  Mathe- 
matics— to  the  inspection  of  exhibits  of  science  apparatus  by  a  large 
number  of  manufacturing  firms,  to  the  facilities  for  the  teaching  of 
practical  correlated  mathematics  at  Lewis  Institute,  and  to  an  informal 
reception. 

The  annual  dinner  was  held  at  5:45  p.  m.  in  the  lunch  room  of  Lewis 
Institute.  At  the  dinner  Dr.  O.  W.  Caldwell,  of  the  University  of 
Chicago,  led  in  a  discussion  of  college  entrance  requirements,  in  which 
the  new  plans  adopted  recently  by  some  of  the  larger  universities  and 
recommended  in  the  report  of  the  American  Federation  of  Teachers  of 
the  Mathematical  and  the  Natural  Sciences  were  explained  and  discussed. 

The  address  Friday  evening  was  delivered  by  Dr.  W.  A.  Evans,  for- 
merly Health  Commissioner  of  the  City  of  Chicago,  on  school  ventila- 
tion and  its  bearing  on  pupil  efficiency.  The  address  was  an  interesting, 
logical,  and  lucid  exposition  of  the  problem. 

The  session  Saturday  morning,  Dec.  2,  was  given  over  to  a  business 
meeting,  followed  by  meetings  of  each  of  the  sections. 

Full  accounts,  or  abstracts,  of  all  addresses,  reports,  and  discussions, 
before  the  general  meetings  and  before  each  of  the  sections  will  be 
printed  in  the  annual  volume  of  Proceedings.  It  is  expected  that  the 
volume  of  Proceedings  will  be  printed  and  ready  for  distribution  in  a 
few  weeks. 

At  the  business  meeting  Saturday  morning  the  auditing  committee 
reported  that  the  accounts  of  the  secretary-treasurer  were  found 
correct.     The   Treasurer's   and    Secretary's   annual   reports   were   then 
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presented  and  adopted.    These  reports  will  be  found  printed  elsewhere. 

The  resignation  of  James  F.  Millis  from  the  office  of  Secretary- 
Treasurer,  because  of  pressure  of  other  duties,  was  accepted,  and  a 
successor  elected  to  fill  out  the  unexpired  term. 

A  committee  was  appointed  to  consider  changes  in  the  constitution 
of  the  Association,  and  to  prepare  amendments  to  be  acted  upon  at  the 
next  annual  meeting. 

Urgent  invitations  were  extended  to  the  Association  to  hold  its  next 
annual  meeting  in  Des  Moines,  Iowa,  in  Milwaukee,  Wis.,  and  also  at 
Chicago  University.  The  matter  of  determining  the  next  meeting 
place  was  left  in  the  hands  of  the  Executive  Committee,  with  power  to 
act. 

The  resolutions  relating  to  college  entrance  requirements,  formulated 
by  the  American  Federation  of  Teachers  of  the  Mathematical  and  the 
Natural  Sciences,  were  adopted  by  the  Association.  These  were  printed 
in  School  Science  and  Mathematics,  Vol.  II,  1911. 

Dr.  C.  R.  Mann  was  appointed  delegate  from  the  Central  Association 
to  the  meeting  in  Washington,  D.  C,  of  the  American  Federation  of 
Teachers  of  the  Mathematical  and  the  Natural  Sciences,  with  power 
to  appoint  other  delegates. 

The  following  resolutions  were  adopted  by  the  Association: 

Resolved,  first,  that  the  Association  tender  a  vote  of  thanks  to  the 
director,  trustees,  and  faculty  of  Lewis  Institute  for  the  hospitality 
accorded  in  the  use  of  the  building  and  for  numerous  courtesies  shown 
by  teachers  and  pupils  of  the  Institute. 

Resolved,  second,  that  the  Association  express  its  thanks  to  the  Presi- 
dent, the  Secretary-Treasurer,  and  the  local  committee  for  their  thought- 
ful care  in  making  complete  and  detailed  provision  for  the  needs  of  the 
meeting. 

Resolved,  third,  that  the  Association  express  its  appreciation  of  the 
timely,  instructive,  and  interesting  addresses  given  at  the  general  sessions 
by  Professor  Charles  H.  Judd  and  by  Dr.  W.  A.  Evans. 

Resolved,  fourth,  that  the  Association  hereby  record  its  gratitude  to 
the  retiring  secretary-treasurer,  Mr.  James  F.  Millis,  for  the  energetic, 
able,  and  efficient  manner  in  which  he  has  discharged  the  duties  of  office 
during  the  two  years  of  his  incumbency;  and  that  it  further  recognize 
that  his  careful  and  systematic  work  has  been  a  source  of  great  strength 
to  the  Association. 

Resolved,  fifth,  that  the  Association  heartily  indorse  the  aggressive 
policy  of  the  President  and  Executive  Committee  as  shown  by  the  pro- 
gram, in  pushing  forward  to  the  conquest  of  vital  problems  in  mathe- 
matics and  science  teaching,  with  a  view  to  the  betterment  of  the  schools 
of  the  present  day  and  of  the  future. 

James   H.    Smith, 
Charles  W.   Newhall, 
William  P.  Holt, 

Committee. 

The  following  officers  were  elected  for  the  ensuing  year:  President, 
Herbert  E.  Cobb,  Lewis  Institute,  Chicago;  Secretary-Treasurer,  C.  E. 
Spicer,  Township  High  School,  Joliet,  III;  Assistant  Secretary-Treasurer, 
F.  C.  Donecker,  Crane  Technical  High  School,  Chicago. 

The  chairmen  of  the  different  sections  elected  are  as  follows:  Biology, 
Fred  W.  Werner,  North  Division  High  School,  Milwaukee,  Wis.; 
Chemistry,  J.  W.  Shepherd,  Chicago  Normal  School,  Chicago;  Earth 
Science,    G.    W.    Mansfield.    Northwestern    University,    Evanston,    111.; 
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Mathematics,  Ira  S.  Condit,  State  Teachers  College,  Cedar  Falls,  Iowa; 
Physics,  E.  E.  Burns,  Medill  High  School,  Chicago. 

James  F.  Mnxis,  Secretary, 

TBEASUBEB'S  REPOBT 

For  the  Year  Ending  November  29,  1911. 

Receipts 

Balance    shown    by    last    report    $  267.90 

Sale  tickets   for   1910  dinner    96.00 

Dues  331  members  at  $2.50   827.50 

Dues  83  members  at  $2.00  166.00 

Dues  10  members  at  $1.00  10.00 

Dues  14  members  at  50c 7.00 

Advertisements  in   1910  program   251.00 

Advertisements  in  1911  program  148.00 

Display  space  5.00 

2  copies  Correlation  Report  at  25c   50 

6  copies  1908  Proceedings  at  50c  3.00 

2  copies  1909  Proceedings  at  50c 1.00 

2  copies  1910  Proceedings  at  50c   1.00 

Refund  from  Jennings  &  Graham,  printers   1.00 

Total  receipts  $1,784.90 

Expenditures 

Subscriptions  to  School  Science  and  Mathematics   $  583.00 

Printing  and  distributing  3750  programs  1910  meetings  292.74 

Printing  and  distributing  1  M  cop.  1910  Proceedings 241.44 

160  dinners  at   1910  meeting    80.00 

Traveling  and  hotel  for  Dr.  Wiley  at  1910  meeting  35.00 

Dues  to  National  Federation  of  Teachers  of  the  Mathematical 

and  the  Natural  Sciences,  at  10c  per  member   48.80 

Postage  in  office  of  Secretary-Treasurer   31.50 

Compensation  to  J.  F.  Millis,  Sec-Treas.,  by  Ex.  Comm 25.00 

Premium  on  Treasurer's  bond   for  $1,000   10.00 

Printing  and  distributing  3500  letter  heads  12.94 

Printing  receipts,  reply  postals,  bill  heads,  envelopes,  filing  cards, 

and  application  blanks   31.80 

V.  D.  Hawkins,  cards  to  Ohio  teachers  for  1910  meeting 14.10 

Expenses  for  check  room  boys,  printing  dinner  tickets,  etc.,  at 

1910   meeting    5.50 

Freight  on  maps  to  1910  meeting  1.89 

Stenographer  at   1910  meeting   10.00 

Expenses  Chairman  of  Publication  Committee    3.95 

400  reprints  of  Report  on  Fundamentals   7.50 

Reprints  of  Tower's,  Miller's,  and  Holt's  reports  8.25 

Expenses  of  President  Smith  for  postage  and  telephoning  ....  5.45 

Expenses  of   Earth   Science   Section    2.95 

Expenses   of   Biology   Section    1.10 

Expenses  of  Chemistry  Section  ; .65 


Total  Expenditures    $1,453.56 

Balance  cash  on  hand   331.34 

$1784.90 
James  F.  Millis,  Treasurer. 
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MEMBEBSHIP  BEPOBT. 

For  the  Year  Ending  November  29,  1911 

Paid  up  membership,  Nov.  23,   1910   488 

Honorary  membership,  Nov.  23,  1910  4 

Total    membership,    Nov.   23,    1910 492 

Delinquent,  but  left  on  list  as  per  constitution  83 

Total  names  on  list,  Nov.  23,  1910  575 

New  members  added  during  year  117 

692 
Resigned,  deceased,  or  dropped  for  delinquency  96 

Total  names  on  list,  Nov.  29,  1911  596 

Paid  up  membership,  Nov.  J9,  1911  486 

Honorary  membership,  Nov.  29,  1911  7 

Delinquent,  but  kept  on  list  as  per  constitution  103 

James  F.  Mnxis,  Secretary. 

MINX7TES  OF  OHEMISTBT  SECTION. 

Meeting  called  to  order  by  Chairman  Mr.  F.  B.  Wade  at  10:20  a.  m. 
Report  of  nominating  committee,  given  by  Mr.  Wirick,  the  Chairman. 
Chairman,  John  W.  Shepherd,  Chicago  Normal  School;  Vice-Chairman, 
C.  B.  Curtis,  Central  High  School,  St.  Ix)uis,  Mo.;  Secretary,  Leon  D. 
Judd,  Lockport,  III. 

Moved  that  the  Secretary  cast  ballot  for  the  persons  named. 
Carried.  Secretary  cast  the  ballot.  Paper  by  Dr.  W.  R.  Smith  on 
Night  School  Work  in  Chemistry. 

Discussion  participated  in  by  Dr.  A.  L.  Smith  and  Professor  W.  C. 
Hawthorne. 

Second  paper  on  "The  Needs  of  the  Community  in  Chemical  Educa- 
tion as  Seen  in  Y.  M.  C.  A.  Educational  Work,"  was  given  by  Mr.  F. 
B.  Emery,  Chicago  Central  Y.  M.  C.  A.,  who  took  the  place  of  Mr.  C.  L. 
Ward  of  the  same  school.  Discussed  by  W.  R.  Smith  and  C.  M.  Wirick. 
16  in  attendance. 

Section  adjourned,  11 :30  a.  m. 

John  C.  Hessler.  Secretary  Pro  Tern. 

inNUTES  OF  THE  MATHEMATICS  SECTION. 

The  Mathematics  Section  held  two  meetings  at  Lewis  Institute. 
Friday  and  Saturday,  December   1  and  2,   1911. 

Friday  afternoon  session, — In  the  absence  of  the  chairman,  Mr.  R. 
L.  Short,  Mr.  Ira  J.  Condit,  the  vice-chairman,  presided. 

The  secretary  read  a  letter  from  Mr.   Short  explaining  his  absence. 

A  nominating  committee  was  appointed  as  follows:  Mr.  W.  Lee 
Jordan  of  Des  Moines,  la.,  chairman;  Miss  Esther  Houser  of  Troy^ 
Ohio;  and  Mr.  C.  A.  Petterson  of  Chicago. 

The  Report  of  Committee  on  Results,  given  by  C.  E.  Comstock,  or 
Peoria,  111..  Mr.  Comstock  urged  the  necessity  of  scientific  spirit  ia< 
daily  work  and  scientific  methods  of  testing  the  results.  Two  aspectsi. 
of  testing: 

First:  A  teacher  should  have  some  means  of  ascertaining  the  extent 
of  acquired  knowledge  or  power. 
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Second:  Efficiency  of  a  given  method  should  be  judged  by  comparison 
of  results  of  different  methods. 

Under  the  first  aspect  was  a  consideration  of  the  following  aims  for 
mathematics  teaching: 

Knowledge  of  the  facts  of  Mathematics. 

Acquisition  of  tools  for  future  use. 

Clear  and  concise  expression  of  thought. 

Clear  perception  of  logic  of  relations. 

Meaning  of  laws  and  operations  in  Algebra  and  of  a  proof  in  Geometry. 

To  fix  power  and  habit  of  testing  one's  own  work. 

Ability  to  observe  and  to  generalize,  etc. 

Some  of  the  broader,  more  neglected  aims  are:  Habits  of  study,  of 
persistance,  concentration,  orderliness,  of  will  and  control;  discovery  of 
special   talents;    encouraging   originality   and   initiative. 

Second  Aspect :  Methods  of  testing  results.  Following  the  suggestions 
of  Professor  Thorndike,  some  ideas  for  scientifically  constructed  exam- 
inations were  given;  but  a  test  should  be  on  only  one  thing  at  a  time, 
as  memory,  speed,  use  of  best  methods,  accuracy,  general  information. 

„_  .  attainment 

Effic.ency=  — ^j— - 

Instead  of  ineffective  discussion  of  many  topics  in  mathematics,  it 
is  suggested  that  tests  be  made  in  an  impartial  scientific  way,  and  a  call 
is  made  for  teachers  willing  to  cooperate  in  this  work. 

Discussion  of  Report  on  Testing  Results,  by  Charles  Otterman,  of 
Cincinnati,  Ohio.  In  this  discussion,  Mr.  Otterman  brings  out  the  idea  that 
scientific  testing  requires  an  impartial  mind  measuring  according  to  fixed 
standards.  The  wholly  impartial  attitude  of  mind  will  always  be  the  ideal 
toward  which  a  teacher  should  strive,  but  which  no  one  will  probably 
ever  reach. 

He  shows  also  that  the  standards  fixed  by  one  teacher  will  vary  from 
time  to  time ;  hence  the  best  testing  will  be  according  to  standards  fixed, 
not  by  one's  own  experience,  but  by  the  experience  of  many. 

In  addition  to  the  tests  given  in  the  report,  several  others  in  algebraic 
manipulations  were  given. 

The  Applications  of  Mathematics  to  Problems  of  the  Shop,  by  Kenneth 
G.  Smith  of  the  University  of  Wisconsin. 

In  this  excellent  paper,  Professor  Smith  made  it  clear  that  he  was 
discussing  "Applied  Shop"  rather  than  "Applied  Mathematics,"  from  the 
standpoint  of  a  teacher  of  apprentice  boys  and  shop  men  in  "Continuation 
Schools." 

The  shop  man  will  learn  or  accept  only  that  mathematics  for  which  he 
sees  his  immediate  need.  He  gets  his  application  first  and  his  principles 
afterwards.  This  is  the  essential  difference  between  mathematics  in  a 
technical  high  school  and  the  teaching  of  this  subject  to  boys  already 
employed  in  shops,  who  have  a  half -day  per  week  or  less  to  study. 

Principles  in  selecting  and  presenting  shop  problems: 

1.  They  must  come  from  the  shop.  Good  mathematics  problems  are 
not  necessarily  good  shop  problems. 

2.  They  should  be  stated  in  shop  terms. 

3.  Data  should  be  given  in  accordance  with  shop  usage  and  the  results 
obtained  should  represent  good  practice. 

4.  Problems  should  not  be  made  unnecessarily  complicated. 

5.  Do  not  confuse  shop  problems  with  problems  of  design. 

6.  Use  the  actual  thing,  when  possible;  if  impossible,  use  sketches. 

7.  Use  good  shop  sense  in  accuracy  of  measurement. 
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8.  Take  time  to  explain  mechanical  whys  and  wherefores,  but  not 
the  mathematical  whys,  unless  a  boy  is  particularly  interested  in  this 
subject. 

On  charts,  Professor  Smith  outlined  some  shop  topics  especially  appli- 
cable to  the  teaching  of  certain  subjects  in  mathematics. 
I.    Common  fractions: 

1.  Measuring  scale. 

2.  Lengths  of  bolts  and  studs. 

3.  Cutting  from  bar  stock. 

4.  Over-all  dimensions. 

5.  Omitted  dimensions. 

II.  Decimal  fractions: 

1.  Micrometer. 

2.  Decimal  equivalents. 

3.  Speeds,  cuts,  feeds,  etc. 

III.  Percentage: 

1.  Composition  of  alloys  and  various  kinds  of  steel. 

2.  Shop  pay  roll. 

3.  Wages. 

IV.  Areas  and  volumes: 

1.  Circumference  and  areas  of  circles. 

2.  Areas  of  rectangle,  hexagon,  octagon,  triangle,  and  pentagon. 

3.  Volumes  and  weights  of  bar  stock. 

4.  Contents  of  tanks. 
V.    Ratio  and  Proportion : 

1.    Speeds,  pulleys,  and  gears. 

VI.  Handling  of  symbols,  equations  and  formulae  is  necessary;  also 
in  Trigonometry,  functions  of  angles  and  solution  of  triangles. 

"The  Significance  of  the  Real  Problem  in  Secondary  Mathematics,"  was 
presented  in  a  scholarly  paper  by  Charles  W.  Newhall  of  Faribault,  Minn. 
He  showed  how  the  very  ancient  problem  of  logical  vs.  practical  mathe- 
matics had  been  discussed  century  after  century  by  extremists  on  both 
sides;  but  the  present  tendency  is  toward  a  more  conservative  position, 
the  finding  of  the  proper  balance  between  the  cultural  and  the  disciplinary 
values  of  mathematics,  on  the  one  hand,  and  the  value  of  its  practical 
applications  on  the  other. 

The  reports  of  such  committees  as  the  one  on  College  Entrance  Re- 
quirements, the  National  Conmiittee  on  Geometry  Syllabus,  and  the 
Committee  on  Algebra  Syllabus  of  the  Middle  States,  all  corroborate 
this  view.  Opinions  of  some  of  the  leaders  of  mathematical  thought 
were  cited,  showing: 

First.  That  a  uniform  course  in  secondary  mathematics  is  desirable 
in  all  our  schools  except  those  of  a  special  class.  The  consensus  of 
opinion  seems  to  be  that  such  a  course  should  teach  Algebra  and  Geometry 
for  their  own  sake  and  as  connected  logical  systems,  but  with  a  recogni' 
tion  of  the  practical  value  of  their  study. 

Second.    That  the  real  problem  has  an   important  place  in   such  a 
course.     It  should  not  be  the  underlying  basis  of  mathematical  instruc- 
tion, nor  its  end  or  aim. 

Miss  Cleo  Murtland  of  Wooster,  Mass.,  was  unable  to  be  present  to 
give  her  paper  on  "Problems  for  Girls." 

Dr.  H.  R.  Hedrick  of  the  University  of  Missouri  gave  his  discussion 
of  the  Report  on  Notation  at  this  session.     His  suggestions  are: 

1.  That  notation  should  be  as  uniform  as  is  consistent  with  proper 
teaching  throughout  the  entire  curriculum. 
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2.  That  changes  in  notation  should  be  made  slowly. 

3.  That  useless  duplications  should  be  avoided. 

4.  That  colloquial  phrases  be  recognized  sparingly. 

5.  That  suggestive  notation  be  given  the  preference. 

6.  All  definitions  should  be  so  worded  that  they  may  be  capable  of 
continuous  development. 

About  100  were  present  at  the  Friday  afternoon  session. 
The  assessment  levied  amounted  to  $17.70. 

Saturday  Morning  Session 

The  Report  of  the  Committee  on  Uniform  Notation,  continued  from 
1910,  was  given  by  L.  P.  Jocelyn  of  Ann  Arbor,  Mich. 

The  committee  recommends  the  series  of  digits  be  0,  1,-9;  not  1,-9,  0; 
that  the  symbol  0  be  read  zero;  that  decimal  fractions  be  so  called,  not 
decimals ;  that  in  reading  numbers  "and"  should  not  be  used  except  at  the 
decimal  point;  that  in  the  four  fundamental  operations,  the  operator 
comes  after  the  operand;  that  proportions  be  written  as  fractional 
equations. 

The  advisability  of  considering  all  fundamental  operations  as  always 
performed  on  abstract  numbers  is  discussed.  The  very  careful  reading 
of  exponents  and  the  elimination  of  obsolete  sjrmbols  and  terms  are 
strongly  urged. 

Professor  George  R.  Twiss  of  Ohio  State  University  discussed  the 
report  from  the  Physics  standpoint.  He  showed  how  many  of  the 
recommendations  of  this  report  have  sound  psychological  foundation; 
especially  the  suggestion  concerning  the  fundamental  operations  always 
being  with  abstract  numbers. 

He  added  some  recommendations  concerning  uniform  use  and  interpre- 
tation of  certain  terms  and  formulae  in  physics,  and  an  agreement  on 
single  letters  to  represent  each  physical  quantity,  in  both  elementary  and 
advanced  physics. 

He  cautioned,  however,  that  our  decisions  should  not  be  so  fixed  and 
final  that  they  stand  in  the  way  of  further  progress. 

The  last  paper  presented  was  one  on  "Correlation,"  by  Miss  Edith  Long 
of  Lincoln,  Nebraska.  At  her  own  request,  this  paper  will  not  be  pub- 
lished. 

Miss  Long  gave  to  each  one  present  a  synopsis  of  the  "Course  in  Cor- 
related Mathematics,"  which  is  being  used  in  the  Lincoln  High  School. 
This  aims  to  fuse  completely  the  two  subjects  of  Algebra  and  Geometry. 

In  the  discussion,  it  was  brought  out  that  in  Lincoln  and  in  Ann  Arbor 
there  is  no  mathematics  ia  the  first  year,  but  a  general  science  course 
is  substituted. 

The  Report  on  Notation  was  not  accepted,  for  the  section  felt  the  need 
of  further  discussion  before  taking  any  action.  It  was  moved  by  Mr. 
Newhall  that  the  Committee  be  continued  to  consider  uniform  notation 
in  Geometry,  Trigonometry,  and  Advanced  Algebra,  also.  The  motion 
was  seconded  by  Dr.  Slaught.  Mr.  Petterson  suggested  that  printed 
copies  be  sent  to  members  one  month  in  advance  of  the  meeting.  The 
suggestion  was  accepted  and  the  motion  was  carried. 

On  a  motion  by  Mr.  Jocelyn  the  Committee  on  Results  was  continued 
with  the  suggestion  that  more  experiments  that  can  be  used,  be  incorpo- 
rated in  the  report 

The  report  of  the  nominating  committee  was  as  follows: 

For  Chairman,  Mr.  Ira  Condit,  State  Teachers  College,  Cedar  Falls, 
Iowa;  for  Vice-Chairman,  Mr.  Charles  W.  Newhall,  Shattuck  School, 
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Faribault,  Minn. ;  for  Secretary,  Miss  Marie  Guglc,  Central  High  School, 
Toledo,  Ohio. 

On  a  motion  by  Mr.  Hart  the  chairman  of  the  committee  cast  the  ballot 
for  the  above  officers. 

About  70  were  present  at  the  Saturday  morning  session. 

Copies  of  the  reports  given  may  be  had  by  applying  to  the  chairman  or 
the  secretary. 

E.  Masie  Gugle,  Secretary. 

Minutes  of  the  Physics  Section  of  the  Central  Association  of  Science 
and  Mathematics. 

The  first  session  of  the  Physics  Section  was  held  in  the  Auditorium  of 
Lewis  Institute  on  Friday  afternoon,  December  1. 

The  first  number  of  the  program  was  in  joint  session  with  the  Chem- 
istry Section.  The  speaker,  introduced  by  Chairman  Frank  B.  Wade  of 
the  Chemistry  Section,  was  Mr.  L.  A.  Touzalin,  assistant  chief  chemist  of 
the  Illinois  Steel  Works.  His  subject,  "The  Electric  Furnace  for  Steel," 
was  illustrated  by  lantern  slides  which  showed  characteristic  views  of  the 
steel  industry,  from  the  ore  mines  in  Minnesota,  to  the  devices  for  refining 
and  perfecting  the  steel,  the  latest  example  of  which  is  the  electric  fur- 
nace. In  the  minutes  of  the  Chemistry  Section  will  be  found  an  account 
of  this  important  modem  device.  Chairman  H.  L.  Terry  then  took 
charge  of  the  program  for  the  Physics  Section,  the  Chemistry  Section  re- 
tiring. The  chair  appointed  as  a  nominating  committee:  Mr.  A.  A. 
Upham,  of  Whitewater,  Wis.;  Mr.  John  P.  Drake,  Macomb,  III,  and 
Mr.  F.  R.  Nichols,  of  Chicago. 

After  a  brief  historical  review  of  the  several  "New  Movements"  in 
•the  teaching  of  high  school  physics  by  the  chairman,  a  paper  upon  "The 
Results  of  New  Movement  in  the  Teaching  of  Physics"  was  read  by  Mr. 
G.  A.  Works,  of  Madison,  Wis.  This  interesting  and  suggestive  paper  is 
printed  in  full  in  the  Proceedings.  In  it  is  brought  out  the  fact  that  the 
"New  Movement"  has  caused  teachers  to  test  the  efficiency  of  their  meth- 
ods and  work,  and  has  led  to  various  educational  experiments  which  aim 
at  more  effective  work  from  the  standpoint  of  the  pupils'  efficiency. 

This  paper  aroused  much  interest  and  it  was  followed  by  an  extended 
discussion  led  by  Mr.  G.  O.  Banting,  Stoughton,  Wis.,  who  stated  that 
one  means  of  making  the  courses  in  science  effective  is  to  experiment 
and  to  publish  the  results.  "We  should  interest  the  child  more  than 
at  present." 

J.  W.  Shepard  spoke  for  social  efficiency.  "Would  not  limit  the  topics 
of  study." 

E.  E.  Bums:  "I  would  introduce  significant  material.  There  is  danger 
of  swinging  too  far  in  the  new  movement." 

G.  R.  Twiss :  "We  must  appeal  to  the  real  interests  of  the  child.  Often 
too  few  connections  are  made  between  schoolroom  habits  and  outside 
habits,  schoolroom  ideas  and  home  ideas.  A  logical  scheme  in  a  study 
belongs  to  the  end  instead  of  the  beginning  of  education." 

A  paper  well  worth  the  thoughtful  study  of  every  science  teacher  was 
read  by  Professor  W.  C.  Bagley,  of  the  University  of  Illinois.  Its  sub- 
ject, "Testing  for  Efficiency  of  Work,"  will  be  published  in  the  Proceed- 
ings, and  is  full  of  helpful  ideas.  "Measurement  of  mental  content  must 
be  objective ;  we  cannot  measure  subjective  factors  as  such."  "Dependable 
knowledge  has  a  firm  foundation  in  fundamental  habits."  Scores  of  apt 
quotations  could  be  made  from  this  paper.     It  aroused  and  stimulated 
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the  teachers  present  and  led  to  a  general  discussion.  A.  A.  Upham  en- 
livened the  program  with  one  of  his  inimitable  optimistic  speeches.  Chair- 
man Terry  gave  some  practical  suggestions  as  to  real  tests  of  a  pupil's 
knowledge,  such  as  a  "leaking  boat"  and  a  "weighted  clothesline." 

F.  R.  Nichols:  "Examination  papers  show  only  part  of  the  results. 
Oral  tests  are  also  very  useful." 

J.  W.  Shepard:  "Pupils  on  being  asked  the  question,  *What  science 
do  you  like  best?'  usually  name  the  one  they  can  use  best" 

C.  H.  Perrine,  Chicago :  "Give  pupils  in  an  examination  a  chance  to  ask 
and  answer  a  question  on  some  topic." 

G.  H.  Twiss  moved  that  "a  committee  be  appointed  to  act  as  a  central 
committee  to  receive,  study  and  report  upon  tests  made  by  members  of 
this  association  to  test  the  efficiency  of  their  work."  The  chairman  ap- 
pointed the  following  members  to  serve  as  the  committee:  F.  E.  Goodell, 
North  High  School,  Des  Moines,  la.,  Chairman;  J.  A.  Stevenson, 
University  of  Wisconsin,  Madison;  C.  M.  Bronson,  Central  High  School, 
Toledo,  Ohio;  J.  W.  Shepard,  Teachers'  College,  Chicago,  111.  It  is 
earnestly  requested  that  each  member  of  the  Physics  Section  send  in 
to  the  committee,  lists  of  test  jcl  ons,  together  with  any  plans  or  means 
that  may  be  employed  in  tc.st  g  :he  efficiency  of  the  instruction  or  any 
other  phase  of  the  work  in  physic  >. 

At  the  session  held  Saturday  morning,  the  nominating  committee  re- 
ported the  following  nominations:  Chairman,  £.  £.  Bums,  Medill  High 
School,  Chicago;  Vice-Chairman,  William  M.  Butler,  Yeatman  High 
School,  St.  Louis;  Secretary,  E.  R.  Reynolds,  State  Normal,  Platteville, 
Wis.  On  motion,  the  secretary  was  directed  to  cast  the  ballot  of  the 
section  for  those  named,  and  it  was  cast  as  ordered. 

The  first  paper,  by  Willis  E.  Tower,  Englewood  High  School,  Chi- 
cago, was  a  report  of  a  committee  upon  a  questionnaire  which  had  been  < 
suggested  at  the  Cleveland  meeting  as  a  means  of  determining  the  extent, 
the  tendencies,  and  the  apparent  success  of  the  educational  experiment  of 
teaching  physics  in  seg^'egated  classes.  The  report,  which  is  printed  in 
full  in  the  Proceedings,  aroused  considerable  discussion.  C.  M.  Turton 
moved  that  "the  report  of  the  committee  be  accepted  and  the  com- 
mittee be  commended  for  what  it  has  done." 

It  was  further  moved  that  the  committee  be  continued  and  report 
at  the  next  meeting. 

E.  E.  Wolfe,  Marietta,  Ohio,  suggested  that  a  syllabus  for  segregated 
classes  would  be  desirable. 

Professor  P.  B.  Woodworth,  of  Lewis  Institute,  next  presented  the 
topic  "The  Laboratory — Its  Work  and  Apparatus."  The  subject  was  ef- 
fectively presented,  and  the  unique  and  successful  methods  employed  by 
Professor  Woodworth  in  his  work  in  physics  were  illustrated  by  a 
series  of  typical  experiments.  It  is  the  constant  aim  in  this  laboratory  to 
make  its  experimental  work  conform  to  the  methods'  and  practice  of 
practical  men  outside  of  schools.  A  number  of  important  pedagogical 
points  were  emphasized,  of  which  a  few  only  can  be  presented  here. 
(1)  For  the  most  effective  laboratory  work,  real  problems  must  be 
presented.  (2)  A  real  report  should  be  required,  in  which  the  essential 
factors  involved  are  clearly  indicated.  (3)  The  habit  of  getting  re- 
sults quickly  and  on  time  is  of  great  importance.  (4)  Some  laboratory 
teaching  may  be  immoral,  as  when  results  of  impossible  accuracy  are 
required.  (5)  Various  methods  of  teaching  may  bring  good  results. 
(6)     It  is  important  to  give  the  boys  just  the  things  they  want. 

The  evening  adult  classes  at  Lewis  Institute  have  stimulated  the  intro- 
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duction  of  practical  methods  and  real  problems  into  the  laboratory  work. 

The  device  by  which  the  school  auditorium  at  Lewis  Institute  is 
quickly  transformed  into  a  physics  lecture  room,  equipped  with  ap- 
pliances for  demonstrating  any  subject  in  this  science,  and  as  readily 
restored  to  its  former  condition,  aroused  lively  interest  and  curiosity 
among  the  members  present. 

Professor  Woodworth  concluded  the  demonstration  of  his  work  at 
Lewis  Institute  by  passing  around  a  number  of  sheets  of  laboratory 
directions  and  report  blanks  as  used  in  his  classes. 

The  meeting  then  adjourned.  Willis  E.  Tower,  Secretary. 


PERSONAL. 

Professor  G.  A.  Miller's  article  entitled  "Appreciative  Remarks  on  the 
Theory  of  Groups,"  which  appeared  in  the  April,  1910,  number  of 
School  Science  and  Mathematics^  has  been  reprinted  "by  permission" 
in  the  October,  1911,  number  of  the  Mathematical  Gazette,  organ  of  the 
Mathematical  Association  of  England;  and  also  in  the  August,  1911, 
number  of  the  Sphinx-CEdipe,  published^at  Nancy,  France. 


TESTINa  PHOSPl^'rE'BOOK. 

For  the  benefit  of  those  who  may  searoh  for  phosphate  rock  the  following 
simple  test  is  given:  Place  a  small  crystal  of  ammonium  molybdate  on  the 
lock  to  be  tested,  then  drop  a  little  dilute  nitric  acid  on  the  crystal.  If 
the  crystal  turns  yellow,  it  indicates  the  presence  of  phosphorus.  The  deeper 
the  yellow,  the  higher  the  phosphate  content. 


APPOINTlfBNT  OF  CHIEF  GEOLOGIST,  UNITED  STATES 

GEOLOGIOAL  SUBVET. 

The  United  States  Geological  Survey  announces  the  appointment  of 
Waldemar  Lindgren  as  chief  geologist, 'to  succeed  C.  Willard  Hayes,  who 
recently  resigned  from  the  survey.  Mr.  Lindgren  has  been  a  member  of 
the  federal  survey  since  1884,  and  has  been  in  charge  of  its  investigations 
in  metalliferous  deposits  since  1907.  He  is  the  author  of  some  fifty  re- 
ports published  by  the  survey  and,  in  addition,  has  contributed  between 
fifty  and  sixty  articles  to  technical  and  scientific  journals.  Mr.  Lindgren 
is  a  trained  mining  engineer  and  has  a  world-wide  reputation  as  an  au- 
thority on  the  geology  of  ore  deposits. 


REPORTS  OF  THE  AMERICAN  COMMISSIONERS,  INTERNA- 
TIONAL COMMISSION  ON  THE  TEACHING 
OF  MATHEMATICS. 

The   following  reports  have  thus   far  appeared;   copies  may  be  ob- 
tained gratis  by  addressing  the  Bureau  of  Education,  Washington,  D.  C. 

1.  Training  of  Teachers  of  Elementary  and  Secondary  Mathematics. 

2.  Examinations  in  Mathematics  Other  Than  Those  Set  by  the  Teacher 
for  His  Own  Classes. 

3.  Mathematics  in  the  Technological  Schools  of  Collegiate  Grade  in 
the  United  States. 

.    4.    Undergraduate  Work  in  Mathematics  in  Colleges  of  Liberal  Arts 
and  Universities. 

5.    Graduate  Work  in  Mathematics  in  Universities  and  in  Other  Insti- 
tutions of  Like  Grade  in  the  United  States. 
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BOOKS  BEOEIVED. 

Microbiology  for  Agricultural  and  Domestic  Science  Students.  Edited  by 
Charles  E.  Marshall,  Michigan  Agricultural  College.  Pp.  xxi  4-724. 
15x20  cm.    Cloth.    1911.    $2.50  net.    P.  Blakiston's  Son  &  Co. 

Elements  of  Applied  Mathematics.  By  Herbert  E.  Cobb,  Lewis  Insti- 
tute, Chicago.  Pp.  v+274.  13x19  cm.  Cloth.  1911.  $1.00.  Ginn  & 
Co.,  Boston. 

The  Evolution  of  Plants.  •  By  D.  H.  Scott.  Pp.  243.  13xl8cm.  1911. 
75  cents.    Henry  Holt  &  Co.,  New  York. 

Revolving  Vectors.  By  George  W.  Patterson.  Pp.  vi-f  89.  14x22  cm. 
1911.    Cloth.    $1.00  net.    The  Macmillan  Company,  New  York. 

Practical  Methods  in  Arithmetic.  By  John  H.  Walsh.  Pp.  iv+39S. 
13x19  cm.    Cloth.    1911. 

Complete  Arithmetic.  By  Bruce  M.  Watson  and  Charles  E.  White. 
Pp.  viii+404.    14x19  cm.    Cloth.    1911. 

Elementary  Arithmetic.  By  Bruce  M.  Watson  and  Charles  E.  White. 
Pp.  vii-h310.    14x19  cm.    Cloth.    1911.    D.  C.  Heath  &  Co.,  Boston. 

The  Elements  of  Qualitative  Chemical  Analysis.  By  Julius  Stieglitz. 
Volume  1,  Theoretical  Part.  Pp.  312.  Price,  $1.40  net.  Volume  2, 
Laboratory  Manual.  Pp.  151.  Price,  $1.20  net.  1911.  The  Century  Co., 
New  York. 

The  Teaching  of  High  School  Mathematics.  By  George  W.  Evans. 
1911.     Pp.  94.     Houghton-Mifflin  Co.,   Boston,   Mass.     Price  35  Cents. 

TUKaSTEN  A  BEMABEABLE  MINEBAL, 

The  mineral  tungsten  (the  name  meaning  heavy  stone)  has  been  known 
for  many  years,  but  only  comparatively  recently  has  it  become  of  economic 
importance.  The  most  important  use,  according  to  Frank  L.  Hess  of 
the  United  States  Geological  Survey,  and  the  one  which  makes  tungsten 
mining  on  an  extensive  scale  possible,  is  as  an  alloy  for  tool  steel.  Lathes 
using  tools  made  from  tungsten  steel  may  be  speeded  up  until  the  chips 
leaving  the  tool  are  so  hot  that  they  turn  blue,  an  operation  which  would 
ruin  the  temper  of  high-carbon  steel.  It  is  stated  that  about  five  times 
as  much  can  be  done  with  lathes  built  for  such  speed  and  work  as  can 
be  done  by  the  same  lathes  with  carbon-steel  tools.  From  16  to  20 
per  cent  of  tungsten  is  ordinarily  used  in  lathe  tools.  The  melting  point 
of  tungsten  is  exceedingly  high— 5,576**  F. 

Tungsten  also  has  an  important  use  in  making  incandescent  electric 
lamps,  crucibles  for  electric  furnaces,  and  various  other  articles. 


MINEBAL  PBODUOTION  SEOOND  ONLY  TO  AaBIOULTUBE. 

Nearly  a  third  of  a  billion  dollars  was  added  to  the  wealth  of  the 
United  States  from  the  mineral  production  of  the  Western  States  during 
1910,  according  to  the  figures  of  the  United  States  Geological  Survey. 
This  includes  about  $66,000,000  worth  of  coal,  the  remaining  production, 
principally  metals,  having  a  value  of  practically  a  quarter  of  a  billion 
dollars.  The  total  figures  of  Western  mineral  production  as  compiled 
by  the  Survey  are  $313,944,881.  This  is  about  one  fourth  the  total  agri- 
cultural production  of  the  same  area,  the  proportion  between  mineral 
and  agricultural  production  being  about  the  same  as  for  the  entire  United 
States.  The  agricultural  production  of  the  Western  States,  derived  from . 
figures  of  the  Department  of  Agriculture,  was  approximately  $1,394,- 
791,000.  The  area  considered  includes  the  belt  from  the  Dakotas  soulii 
to  Texas  and  the  territory  westward. 


Digitized  by  LjOOQIC 


BOOK  REVIEWS  77 

BOOK  BSVIEW8. 

The  Theory  and  Practice  of  Technical  Writing,  by  Samuel  C.  Barle, 
Tufts  College.  Pp.  vii+301.  14x19  cm.  Cloth.  1911.  $US,  net. 
The  Macmillan  Company,  New  York. 

This  is  a  book  which  ought  to  have  come  from  the  press  two-score 
years  before  this  date.  Technical  writing  belongs  in  a  class  by  itself. 
From  many  points  of  view  it  is  distinctly  different  from  that  of  general 
literature.  Too  long  has  the  technical  man  been  obliged  to  receive  the 
same  kind  of  instruction  in  English  and  composition,  in  college  and 
university,  as  the  man  in  the  general  arts  course.  This  situation 
ought  not  to  exist  longer.  If  courses  in  technical  composition  similar 
to  that  outlined  in  this  book  had  been  in  operation  for  the  last  thirty 
or  forty  years,  many  technical  writers  would  have  made  themselves 
better  understood  and  likewise  the  general  public  would  have  a  better 
knowledge  of  technical  matter.  The  engineer  and  technical  man  must 
write  from  a  field  which  is  peculiarly  his  own,  using  phrases  and  a 
vocabulary  which  are  distinctly  technical.  Apparently  the  teachers  of 
English  have  not  heretofore  been  able  to  differentiate  between  straight 
English  and  that  of  the  technical  world.  This  book  does  not  attempt 
to  give  one  skill  in  technical  writing  only  in  so  far  as  the  person  makes 
use  of  the  suggestions  and  helps  which  it  contains. 

The  book  is  divided  into  two  parts,  the  first  being  given  to  a  study  of 
the  principles  of  logical  structure  and  the  second  to  practical  applications 
of  principles.  The  subject  matter  in  part  one  is  treated  in  six  chapters,  as 
follows:  Analysis  by  means  of  S3mopses;  fundamental  principles;  de- 
scriptive exposition;  narrative  exposition;  directions  and  descriptions, 
narration  and  directions  combined.  Part  two  contains  five  chapters  dis- 
cussing the  matter  under  the  following  heads:  The  essentials  of  logical 
structure;  addressing  general  readers;  addressing  specialists;  the  form 
of  the  final  writing  and  methods  of  writing.  The  appendix  gives  many 
illustrative  examples  of  technical  writing.  A  good  index  is  appended. 
It  is  a  splendid  book  considered  from  any  point  of  view,  and  deserves, 
as  it  undoubtedly  will  have,  a  large  circulation.  C.  H.  S. 

The  Hindu-Arabic  Numerals,  by  David  Eugene  Smith  and  Louis  C. 
Karpinski.    Pp.  vi-f  160.    14x20  cm.    1911.    Price,  $1.25.    Ginn  &  Co. 

Much  has  been  written  on  the  origin  of  the  symbols  we  use  to  express 
numbers,  and  the  many  conflicting  theories  offer  no  real  solution  of  the 
difiicult  problem  to  the  ordinary  person.  Hence  this  book  will  prove  of 
great  value  to  all  teachers  of  mathematics  since  it  gives  the  results  of 
a  careful  investigation  of  the  whole  question. 

"In  the  preparation  of  this  treatise  the  authors  have  examined"  every 
important  book  and  monograph  that  has  appeared  upon  the  subject,  con- 
sulting the  principal  libraries  of  Europe  as  well  as  America,  examining 
many  manuscripts,  and  sifting  the  evidence  with  greatest  care.  The 
result  is  a  scholarly  discussion  of  the  entire  question  of  the  origin  of 
the  numerals,  the  introduction  of  the  zero,  the  influence  of  the  Arabs, 
and  the  spread  of  the  system  about  the  shores  of  the  Mediterranean 
and  into  the  various  countries  of  Europe." 

The  numerous  facsimiles  from  early  inscriptions  and  manuscripts 
are  of  great  service  in  helping  one  to  an  understanding  of  this  problem. 
This  contribution  to  the  history  of  mathematics  should  find  a  place  in 
the  library  of  every  teacher  of  mathematics.  H.  E.  C. 
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Essentials  of  Biology,  presented  in  problems,  by  George  William  Hunter, 
A.  M„  Head  of  the  Department  of  Biology,  DeWitt  Clinton  High 
School,  New  York.    Pp.  44a    1911.  American  Book  Company. 

The  scope  and  point  of  view  of  the  book  may  best  be  given  by  a 
quotation  from  the  preface.  "The  functions  of  all  living  things,  plant 
or  animal,  movement,  irritability,  nutrition,  respiration,  excretion,  and  re- 
production; the  inter-relation  of  plants  and  animals  and  their  economic 
relations,  all  these  as  they  relate  to  man,  should  enter  the  course.  The 
culmination  of  such  an  elementary  course  is  avowedly  the  understanding 
of  man,  and  the  principles  which  hold  together  such  a  course  should  be 
chiefly  physiological" 

As  indicated  by  this  quotation,  the  book  contains  studies  of  animals 
and  plants,  and  concludes  with  chapters  on  human  physiology.  It  is  in- 
tended for  pupils  in  the  first  year  of  the  high  school.  Also,  as  the  title 
indicates,  the  treatment  of  the  various  topics  is  put  in  the  form  of  a  series 
of  problems.  The  first  problems  are  those  relating  to  plants  for  the  most 
part,  but  including  the  inter-relation  of  flowers  and  insects.  This  is  fol- 
lowed by  a  chapter  on  the  general  relations  of  animals  to  plants  and  then 
by  a  series  of  chapters  on  animals  in  evolutionary  order,  finally  concluding 
with  "man  as  a  mammal"  and  human  physiology. 

So  far  as  the  reviewer  is  aware,  this  is  the  first  attempt  by  an  Amer- 
ican writer  to  produce  a  text  book  based  on  the  topic  or  problem  plan 
instead  of  the  time-honored  evolutionary  plan.  Jordan  and  Kellogg, 
and  later  Kellogg,  in  some  of  their  text-books  abandoned  in  a  large  de- 
gree the  evolutionary  plan.  The  topic  method  of  presenting  the  subject 
of  biology  was  advocated  by  Professor  H.  E.  Walter  in  an  address  at 
Clark  University  in  1909,  which  was  later  published  in  School  Science 
AND  Mathematics,  volume  9.  The  writer  of  this  review  is  heartily  in 
sympathy  with  the  effort  to  present  the  subject  of  biology  in  a  series  of 
topics  rather  than  by  the  one  great  topic,  evolution.  This  is  too  far  re- 
moved from  the  experience  of  young  students  to  be  made  the  one  and  only 
motive  of  a  course  for  such  students.  It  has  been  a  very  good  method 
for  killing  enthusiasm  in  the  subject. 

The  book  is  simple  in  style  and  presented  in  a  form  that  will  appeal 
to  the  student  it  aims  to  reach.  The  relation  of  man  to  animals  and 
plants  is  wisely  made  much  of  throughout  the  book. 

There  are  some  faults  to  which  any  just  review  must  call  attention. 
The  most  important  of  these  is  the  splitting  up  of  the  subject  into  too 
many  apparently  co-ordinate  topics  and  crowding  into  these  practically  all 
that  might  go  into  three  text-books — zoology,  botany  and  physiology.  It 
would  seem  that  the  author  could  not  let  anything  go  from  his  grasp, 
and  so  has  brought  into  this  one  volume  an  array  that  certainly  must 
prove  bewildering  to  first-year  students.  The  casting  of  a  portion  into 
fine  print  does  not  help  much.  These  portions  should  have  been  weeded 
out  and  only  the  essential  portions  given.  The  author,  in  his  desire  to 
present  every  interesting  fact,  has  committed  the  very  sin  which  he  says 
he  is  avoiding.  He  quotes  from  President  Remsen:  "The  most  important 
defect  in  the  teaching  of  chemistry  to-day  is  the  absence  of  repetition. 
There  are  too  many  fleeting  impressions.  We  cover  too  much  ground. 
The  student  gets  only  a  veneer" 

There  are  many  good  points  in  the  book,  and  it  should  prove  a  very 
useful  book  for  any  teacher  of  biological  subjects  to  own,  whether  he  uses 
it  in  his  classes  or  not.  We  trust  that  there  will  be  evolved  in  the  near 
future,  a  text-book  of  biology  with  the  aims  of  this  book,  but  more 
sanely  put  together;  and  that  whenever  the  first  year  of  such  a  course  in 
biology  is  given,  it  shall  be  followed  by  an  optional  year  of  zoology  or 
botany.  W.  W. 
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A  History  of  the  Ancient  World,  by  George  Willis  Botsford,  Columbia 
University.  Pp.  xviii+588.  15x19  cm.  Cloth.  1911.  $1.50  net.  The 
Macmillan  Company,  New  York. 

Many  histories  of  the  ancient  world  have  been  written  for  secondary 
school  work;  none,  however,  cover  the  ground  so  thoroughly,  or  make 
the  matter  so  clear  and  interesting  to  the  pupil  as  this  one.  It  is  prac- 
tically rewritten  from  its  first  edition  and  has  been  prepared  to  meet 
present-day  needs,  both  as  to  college  entrance  requirements  and  state 
examinations,  as  well  as  to  give  the  reader  a  splendid  working  knowledge 
of  the  history  of  the  world  covering  the  time  for  which  it  was  written. 

Among  the  many  strong  features  is  the  abundance  of  new  maps  and 
typical  illustrations.  There  are  twenty  full  page  and  double  page  maps, 
seventeen  maps  and  plans,  eighteen  full  page  illustrations,  and  154  illus- 
trations in  the  text.  It  is  divided  into  three  parts.  Part  one,  of  forty- 
eight  pages,  is  given  to  the  Oriental  nations.  Part  two,  of  244  pages,  is 
devoted  to  Hellas,  and  the  balance  to  Rome.  At  the  end  of  each  one 
of  forty-six  chapters  is  given  a  list  of  suggestive  questions  on  the  matter 
treated  in  the  chapter,  also  a  list  of  topics  for  readings  is  given. 

Mechanically  the  book  is  well  made.  The  chief  paragraphs,  of  which 
there  are  506^  begin  with  bold  face  type.  A  bibliography  is  given  of  help- 
ful books.  A  complete  index  of  twenty  pages  is  printed  at  the  end. 
Schools  will  make  no  mistake  in  selecting  this  text  for  their  classes. 

C.  H.  S. 

Guide  to  the  Insects  of  Connecticut,  prepared  under  the  direction  of 
Wilton  Everett  Britton,  Ph,  D.,  State  Entomologist.  Pp.  169.  Plates 
xi.  Issued  as  Bulletin  No.  16,  by  the  State  Geological  and  Natural 
History  Survey  of  Connecticut. 

This  bulletin  consists  of  two  parts,  part  one  being  a  general  intro- 
duction to  the  study  of  insects,  written  by  Mr.  Britton,  and  covering 
thirty-eight  pages,  while  part  two  contains  a  key  to  the  euplexoptera 
and  orthoptera  of  Connecticut,  prepared  by  Benjamin  Hovey  Walden, 
B.  Agr.  There  are  a  good  many  cuts  to  explain  the  text  and  the  keys 
and  many  of  the  insects  named  in  the  lists  are  figured  in  the  plates.  The 
bulletin  will  be  very  helpful  to  those  interested  in  these  orders,  but  more 
especially  to  teachers  who  are  in  much  need  of  keys  which  can  be  used 
by  students  not  versed  in  the  extensive  nomenclature  usually  found  in 
keys  to  the  insects.  The  bulletins  are  distributed  gratuitously  to  insti- 
tutions of  learning  and  to  teachers  in  need  of  them.  W.  W. 

Five  Hundred  Regents*  Questions  in  Biology  and  Zoology,  by  S.  C. 
Kimm,  District  Superintendent,  Herkimer  County,  N.  Y.  Pp.  41. 
C.  W.  Bardeen.     1911.    25  Cents. 

The  questions  contained  in  this  booklet  are  selected  from  past  ex- 
amination papers  used  by  the  regents.  The  questions,  numbering  over 
500,  are  accompanied  by  references  to  standard  texts,  usually  several 
references  being  given  for  each  question.  The  questions  are  grouped, 
those  relating  to  a  division  of  animals  being  brought  together  under  the 
name  of  the  division. 

The  questions  are  elementary  in  character,  brief  and  clearly  stated. 
For  those  who  may  wish  to  review  and  freshen  their  knowledge  of 
zoology,  or  who  may  wish 'to  pass  such  examinations  as  are  given  by 
the  regents,  the  book  would  be  valuable.  The  book  might  be  used  to 
advantage  by  students  taking  elementary  zoology,  or  by  students  who  may 
•  wish  to  gain  a  knowledge  of  zoology  privately.  W.  W. 
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Laboratory  Manual  of  First  Year  Science,  by  Joseph  L-  Thalman  and  Ada 
L.  Weckel  of  the  Oak  Park,  III.,  and  River  Forest,  III,  High  School. 
Pp.  93.     1911.    Ann  Arbor  Press,  Ann  Arbor,  Mich. 

The  content,  purpose  and  method  of  high  school  sciences  are  under- 
going fundamental  changes.  Certain  aspects  of  these  changes  are  con- 
spicuous in  the  work  of  the  first  year  general  science.  Such  work  has 
been  advocated  very  generally  throughout  the  whole  country  during  the 
past  two  or  three  years,  and  has  been  and  is  still  being  tried  in  many 
schools.  In  the  Oak  Park  and  River  Forest  Township  High  School  the 
general  science  course  has  long  since  passed  the  stage  of  initial  experi- 
ment and  has  taken  fairly  definite  form.  After  twelve  years  of  trial 
under  several  teachers  with  the  expert  guidance  of  Principal  John  C 
Hanna,  there  has  now  been  prepared  a  laboratory  guide  which  outlines 
the  work  of  the  course.  More  than  ordinary  attention  should  be  given 
to  this  publication  for  several  reasons:  Principal  Hanna  is  one  of  the 
pioneers  in  the  general  science  movement;  the  course,  as  taught,  has 
stimulated  the  sympathetic  interest  of  a  large  number  of  visiting  teachers ; 
the  course  has  been  made  by  several  high  school  people  who  believe  in 
science  for  efficiency;  in  one  form  or  another  the  course  has  been  tried 
with  ''about  one  hundred  sections"  or  classes;  the  outline  as  published  is 
clean-cut  and  direct,  and  has  a  modesty  that  has  kept  it  within  the  limits 
of  the  experiments  that  have  been  tried;  it  may  not  be  the  final  solution 
of  the  general  science  problem,  but  in  presenting  in  definite  form  this 
one  successful  general  science  course,  it  will  be  a  potent,  possibly  the 
most  potent  contribution,  toward  solution  of  the  general  science  problem ; 
its  basis  is  in  prolonged  and  careful  experience,  not  in  argumentation. 

The  authors  and  their  principal,  as  part  of  the  result  of  this  prolonged 
educational  experiment  with  science  have  presented  some  important  con- 
clusions, which  we  quote  in  part ;  they  state : 

That,  "a  child's  first  knowledge  of  science  does  not  deal  with  the  dif- 
ferentiated sciences  as  such.  He  comes  in  touch  with  science  in  all  its 
phases.  Certain  preliminary  science  study  of  some  sort  should  be  done 
in  the  high  school  before  the  regularly  accepted  laboratory  courses  in 
physics,  chemistry,  botany,  zoology,  and  physiography  are  taken  up ;"  and 
that  "such  elementary  studies  are  advisable  for  all  pupils,"  whether  or 
not  other  science  courses  be  taken  later. 

That,  "aside  from  the  training  value  of  such  courses,  consideration 
should  be  given  to  the  matter  of  content  with  reference  to  the  practical 
usefulness  of  the  actual  knowledge  acquired." 

That,  "some  familiarity  with  the  scientific  method  of  attack  thus 
acquired  will   tend   to   develop  early   the 

scientific  habit  which  will  be  of  use  in  every  department  of  study." 

That  the  aims  enumerated  "may  be  reached  better  by  such  a  course 
than  by  any  course  confined  to  the  facts  and  problems  of  any  one  of  the 
fields  of  study." 

The  course  consists  of  fifty-nine  separate  outlines  or  "exercises,"  each 
of  which  includes  its  topic  heading,  a  statement  of  the  object  of  the 
study,  the  apparatus  to  be  used,  and  full  directions  and  questions  to 
guide  in  performance  of  the  experiment  or  study.  In  the  directions, 
statements  of  facts  are  included  when  such  are  needed  in  order  to  orient 
the  pupil  in  the  work  under  way.  Illustrative  figures  prepared  by  students 
were  made  from  the  apparatus  used  in  course  of  experimentation. 

Since  there  is  such  wide  variation  in  the  content  of  courses  in  general 
science,  in  order  to  show  the  topics  used  in  this  course  we  present  here 
the  general  headings  under  which  the  topics  fall  and  in  the  order  in 
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which  they  are  given:  Matter,  its  constitution  and  some  forces  which 
affect  it;  measurement  of  temperature  and  effect  of  heat  upon  the  state 
of  matter,  changes  in  matter;  chemical  phenomena  and  elements;  air  and 
water;  acids,  bases  and  neutral  substances;  classification  of  foods;  di- 
gestive system,  digestion,  absorption,  respiration  and  circulation;  the 
skeletal,  muscular,  excretory  and  nervous  systems;  bacteria;  ventilation; 
seeds  and  seedlings,  roots,  stems,  leaves;  evaporation;  the  flower;  classi- 
fication of  plants. 

It  does  not  appear  from  the  manual  that  there  is  as  close  unity  as 
might  be  desired  between  the  different  parts  of  this  course.  In  certain 
other  courses  in  general  science  physiography  is  drawn  upon  more  largely 
than  in  the  above  course,  and  is  used  as  the  centralizing  feature  of  the 
course.  If  better  unity  may  be  secured  without  losing  any  of  the  benefits 
that  are  derived,  it  should  be  done.  But  unity  of  the  course,  or  of  any  par- 
ticular science  sometimes  results  in  a  logical  but  dead  science,  and  vitality 
and  motivated  work  must  not  be  the  price  of  unity.  Unity  and  form- 
alism in  science  teaching  have  too  often  been'  close  companions.  Fur- 
thermore, the  kind  of  organization  of  material  that  is  necessary  to  give  the 
work  appreciable  significance  to  the  beginning  student  may  be  very  dif- 
ferent from  "the  unity  of  the  subject"  that  is  seen  by  the  adult  scientist 
A  course  as  the  above,  which,  through  experiment,  has  "made  good," 
should  through  that  token  demand  the  attention  of  science  teachers. 

0.  w^c. 

Principles  of  Rural  Economics,  by  Thomas  N.  Carver,  Harvard  University, 
Pp.  xx-h386.  14x20  cm.  Cloth.  1911.  $1.30.  Ginn  &  Company, 
Boston. 

This  is  an  entirely  new  type  of  book  relating  to  agriculture.  It  treats 
of  phases  of  this  work  which  have  not  been  to  any  extent  written  about 
It  differs  from  nearly  all  other  books  dealing  with  agricultural  questions 
in  that  the  discussions  are  mainly  from  the  viewpoint  of  national  economy, 
instead  of  the  individual  farmer.  There  is  nothing  in  the  book  whidh 
will  teach  the  farmer  how  to  grow  crops;  the  reader  will,  however,  be 
convinced  that  the  agriculturist  wields  an  influence  on  national  prosperity 
for  which  the  urban  resident  is  reluctant  to  give  him  credit 

Although  agriculture  is  our  largest  and  oldest  industry,  it  is  only  com- 
paratively recently  that  proper  .thought  and  attention  has  been  turned 
in  the  direction  of  our  great  rural  problem. 

The  wonderful  interest  which  has  been  shown  and  taken  in  agricultural 
pursuits  within  the  last  decade  even,  shows  that  there  is  to  be  a  move- 
ment away  from  the  great  centers  of  urban  industry  into  the  country 
where  conditions  more  favorable  for  real  living  are  to  be  found.  The 
book  was  written  in  order  that  some  of  the  questions  of  the  rural  problem 
might  be  brought  to  the  attention  of  the  public  in  the  particular  direction 
of  the  social  side  of  the  question. 

The  text  is  divided  into  six  chapters,  as  follows :  1.  General  principles. 
2.  Historical  sketch  of  modem  agriculture.  3.  The  factors  of  agricul- 
tural production.  4.  Management  as  a  factor  in  agricultural  production. 
5.  The  distribution  of  the  agricultural  income.  6.  Problems  of  rural  so- 
cial life.    There  is  a  splendid  bibliography  of  eight  pages. 

The  book  to  read  is  as  interesting  as  a  story,  but  infinitely  mofe  help- 
ful. It  ought  to  be  read  by  everyone  interested  in  the  better  social  de- 
velopment of  our  people,  and  by  those  especially  interested  in  the  better- 
ment of  our  rural  conditions. 

Mechanically,  the  book  is  well  made,  printed  from  electro  plates  taken 
from  eleven-point,  hand-set  type.    It  should  have  a  large  sale.    C.  H.  S. 
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A  new  book  and  (undamentaliy  a  practical  botany.  Ito  chief  purpose 
is  to  treat  the  subject  of  botany  in  the  simplest  manner  possible  and  to  treat 
particularly  the  portions  which  wiU  be  of  most  service  to  those  who  do  not  take 
up  the  advanced  study  of  the  subject.  Material  is  included  relating  to  industrial, 
agricultural,  horticultural  and  other  interests— adapting  the  book  especially  to 
strong  present-day  tendencies.  On  finishing  the  course  laid  out  the  student  will 
have  acquired  a  thorough  knowledge  of  the  essentials  of  botany  together  with  a 
great  deal  of  serviceable  information  as  to  the  economic  importance  of  plant  life. 
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The  School  of  To-morrow.     Pp.  152.     13x19  cm.     Cloth.     1911.     $1.00. 

Doubleday,  Page  &  Company,  New  York. 
This  interesting  book  is  a  collection  of  prize  essays  from  The  World's 
Work.  They  show  the  trend  of  modern  education  is  away  from  many  of 
our  old  and  established  methods.  The  writers  do  not  leave  the  reader 
with  nothing  but  the  flavor  of  criticism  in  his  mind,  but  they  suggest 
ways  and  means  to  supplant  those  which  they  would  displace.  The 
point  is  plainly  brought  out  that  the  school  of  yesterday  is  not  and 
cannot  be  the  school  of  to-day.  The  themes  of  the  essays  and  authors 
are  as  follows:  The  boy  of  to-morrow,  Arthur  D.  Dean;  The  boy  of 
to-morrow,  Eugene  M.  Gollup;  The  girl  of  to-morrow,  Benjamin  R.  An- 
drews; The  girl  of  to-morrow,  Edith  Hedges  Baylor;  Half  time  at  school 
and  half  time  at  work,  Frank  P.  Stockbridge;  How  to  choose  a  public 
school  teacher,  William  McAndrew ;  The  Albany  Vocational  School,  Frank 
L.  Glynn.  School  people  should  read  this  book;  it  will  pay;  by  so  doing 
your  eyes  may  be  opened  to  new  things.  C.  H.  S. 

Microbiology  for  Agricultural  and  Domestic  Science  Students,  edited  by 

Charles  E.  Marshall.     Pp.   724.     13x20  cm.     1911.     $2.50,   net.     P. 

Blakiston's  Son  &  Co.,  Philadelphia. 

A  staff  of  twenty  contributors  have  collaborated  in  the  preparation 
of  this  text.  The  eminence  of  its  authors  will  be  accepted,  at  least  by 
non-professional  workers,  as  guarantee  of  its  reliability. 

The  limits  set  for  the  book  are  somewhat  unusual,  as  indicated  by  its 
title.  It  is  a  work  on  microbiology  rather  than  upon  bacteriology  be- 
cause it  includes  in  addition  to  bacteria,  many  other  organisms  which 
on  account  of  similarity  of  technique  and  biological  relationships,  have 
cOme  to  be  studied  in  becteriological  laboratories.  Thus  trypanosomes, 
Plasmodia,  molds  and  yeasts  are  within  its  field  equally  with  bacteria,  and 
no  apology  need  be  offered  if  both  plant  and  animal  types  are  dis- 
cussed within  a  single  paragraph. 

The  first  184  pages  are  given  to  a  study  of  the  morphology,  culture, 
physiology,  and  ecology  of  micro-organisms  in  general.  This  part  does 
not  differ  markedly  from  the  similar  discussion  in  other  standard  texts. 
The  remainder  of  the  book  is  occupied  with  applied  microbiology  in  which 
applications  to  agriculture  and  domestic  science  are  particularly  empha- 
sized. The  authors  have  not,  however,  allowed  the  limitation  of  the 
title  to  interfere  with  the  development  of  the  subject.  The  scope  of 
the  work  is  best  indicated  by  the  titles  of  divisions  in  this  part,  which  are 
as  follows:  Microbiology  of  air,  of  water  and  sewage,  of  soil,  of  milk 
and  milk  products,  of  special  industries  (such  as  food  preservation,  alco- 
hol, vinegar,  vaccines,  etc.),  microbial  diseases  of  plants,  microbial 
diseases  of  man  and  animals. 

The  secondary  school  teacher  and  the  lay  reader  are  likely  to  turn 
less  frequently  to  the  first  part  of  the  book  than  to  the  section  com- 
posed of  applied  material,  since  most  of  us  are  less  interested  in  the 
details  of  metabolism  than  we  are  in  the  relations  of  micro-organisms 
to  the  affairs  of  life.  At  the  same  time,  anyone  possessing  the  book 
would  be  unwise  indeed  to  omit  study  of  the  very  illuminating  dis- 
cussion of  the  nature  and  activities  of  these  organisms  as  presented 
in  the  earlier  chapters. 

The  breadth  of  the  treatment  of  the  applications  of  the  science  and  its 
intimate  association  with  existing  problems  is  gratifying.  Much  of  it 
would  appear  somewhat  technical  to  the  reader  who  has  not  had  a 
biological  training,  but  to  one  with  such  training,  even  of  a  very 
elementary    sort,    it    should    present    no    considerable    difficulty.      Every 
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biology  teacher  should  be  familiar  with  these  matters,  and  there  is  not 
known  to  the  reviewer  any  other  single  volume  within  which  so  much 
of  value  may  be  found. 

The  value  of  the  book  for  reference  purposes  is  enhanced  by  a  very 
complete  table  of  contents,  an  index  of  organisms,  and  an  index  of  sub- 
jects. The  paper  is  good,  the  type  very  clear,  and  the  binding  such  as 
to  give  great  flexibility.  The  mechanical  execution  is  excellent.  One 
is  compelled  to  regret  that  such  an  admirable  work  is  marred  by  an  un- 
usual number  of  errors  in  spelling  and  composition,  all  of  which  are 
apparently  due  to  careless  proofreading.  W.  L.  E. 

A  Laboratory  Manual  for  the  Solution  of  Problems  in  Biology,  by  Richard 
W.  Sharpe,  Instructor  in  Biology,  De  Witt  Clinton  High  School,  New 
York,    Pp.  352.    1911.    American  Book  Company. 

This  manual  was  written  to  accompany  Hunter's  "Essentials  of  Biology" 
and,  consequently,  covers  the  same  field  and  in  about  the  same  manner, 
but  as  a  manual  instead  of  a  text.  It  has  the  same  excellent  features  as 
to  aim  and  matter  as  the  text-book  it  accompanies.  It  also  has  the  same 
fault  of  overcrowding  as  the  text.  This  will  be  better  appreciated  when 
it  is  noted  that  the  book  contains  352  pages  of  studies  intended  for  first 
year  pupils  to  accomplish  in  one  year.  True,  the  author  asserts  that  much 
more  is  given  than  is  required  in  order  to  give  variety  and  give  brighter 
pupils  a  chance  for  extra  work.  But,  allowing  for  this,  there  is  still  a 
very  large  mass  of  new  facts  and  ideas  to  be  digested  in  one  year. 

The  lessons  or  problems  are  clearly  stated  and  the  questions  for  obser- 
vations short  and  clear-cut.  Each  lesson  consists  of  a  statement  of  the 
problem,  a  list  of  materials  required,  and  questions  for  observations,  fol- 
lowed by  questions  for  conclusions  to  be  deduced  from  the  observations. 
According  to  the  author's  suggestions  for  using  the  manual,  the  questions 
for  observations  are  to  be  answered  by  the  pupils  orally,  then  the  pupils 
write  the  answers  to  the  questions  for  conclusions.  These  answers  are 
then  read  by  the  pupils  and  criticised  and,  finally,  the  entire  study  is 
written  out  by  the  pupils  for  handing  in  as  completed  work. 

Such  a  scheme  as  this  may  be  desirable  for  large  classes  of  first-year 
pupils,  but  it  is  hard  to  see  how  it  could  be  prevented  from  becoming  ma- 
chine-like in  its  precision.  The  quick-witted  pupils  would  always  benefit 
most,  unless  held  back.  Much  more  ground  can  be  covered  undoubtedly  by 
such  a  process,  but  at  the  expense  of  the  originality  and  independence  of 
the  duller  pupils.  First-year  pupils  need  guiding,  it  is  true,  and  the  lessons 
should  be  direct  and  simple,  but  so  far  as  possible  each  pupil's  identity 
should  be  preserved. 

There  are  many  good  features  of  the  book  which  there  is  not  space 
here  to  enumerate.  The  extensive  list  of  references  given  for  each  chapter 
should  be  very  helpful  for  the  teacher,  and  there  are  numerous  tables 
which  are  very  suggestive.  We  hope  to  see  more  manuals  written  taking 
up  the  biological  subjects  from  the  problem  standpoint.  W.  W. 
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the  School  of  Education^  University  of  Chicago. 

I  share  with  you  the  disappointment  that  I  am  sure  you 
feel  because  Professor  Coulter  is  necessarily  absent  from 
your  meeting.  It  will  be  quite  impossible  for  me  to  discuss 
this  topic  from  the  point  of  view  that  he  would  have  assumed. 
He  would  have  come  to  you  as  a  student  of  one  of  the  special 
sciences,  and  would  have  been  able  to  discuss  the  meaning 
of  that  science,  and  the  meaning  of  the  other  sciences  which 
you  present  to  high  school  students.  The  point  of  view  which 
I  assume  in  any  such  discussion  is  that  of  the  student  of 
education.  It  is  my  duty  as  an  administrative  officer  to  at- 
tempt to  contribute  to  the  organization  of  the  high  school 
curriculum,  and  to  interest  myself  as  fully  as  possible  in  the 
purpose  of  the  various  departments  in  the  high  school. 

It  is  also  my  duty  as  a  student  of  education  to  make  as 
complete  a  study  as  I  can  of  the  results  of  different  kinds  of 
instruction  in  the  secondary  schools.  From  this  point  of  view, 
I  shall  discuss  the  difficulties  that  appear  in  the  administra- 
tion of  science  in  our  secondary  school  program.  I  shall  ask 
more  questions  than  I  answer,  and  I  foresee  that  I  shall  be 
indefinite  in  my  statements  as  to  the  mission  of  science  in  the 
secondary  program.  This  is  part  of  the  misfortune  which 
you  suffer  on  account  of  Professor  Coulter's  absence. 

One  has  very  little  difficulty  when  he  encounters  members 
of  the  Latin  department,  or  members  of  the  mathematics 
department  in  determining  the  place  of  their  subjects  in 
the  school  course  or  the  methods  which  are  appropriate  in  the 
treatment  of  these  subjects.  One  encounters  very  little  diffi- 
culty, because  those  subjects  have  been  worked  out  very 
minutely.  They  have  generations  of  tradition  behind  them 
and  those  generations  of  tradition  have  served  at  least  to 
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select  the  material  that  can  be  taken  by  secondary  school 
students. 

I  think  any  new  subject  suffers  the  moment  it  comes  into 
the  curriculum  by  comparison  with  these  traditional  sub- 
jects, because  the  new  subject  has  the  whole  process  of  or- 
ganization by  selection  ahead  of  it.  It  needs  to  be  worked 
over  with  a  view  to  finding  out  what  can  be  administered  in 
the  first  year  and  what  can  be  administered  in  the  second 
year.  Any  new  subject,  I  repeat — and  it  is  true,  not  only  of 
your  sciences,  but  also  of  such  a  subject  as  modern  languages 
— any  new  subject  that  comes  into  the  course  of  study  has 
to  go  over  its  own  mass  of  material. 

There  is  another  point  of  view  from  which  I  think  one 
ought  to  look  at  the  difficulties  that  confront  the  sciences  in 
the  high  schools.  Even  the  traditional  subjects,  with  all  their 
experience  behind  them,  are  at  the  present  moment  having 
some  difficulty  in  defining  their  own  missions  in  the  high 
schools,  because  we  are  in  a  period  of  very  great  and  sudden 
change  in  two  directions.  In  the  first  place,  there  has  been 
a  complete  change  in  the  character  of  our  student  body.  One 
can  hardly  look  into  the  various  statistics  of  attendance  of 
American  secondary  schools  without  realizing  instantly  that 
we  have  an  entirely  new  problem,  the  creation  of  the  last 
twenty  years.  Both  the  number  of  high  schools,  and  the 
number  of  students  have  undergone  astonishing  changes  dur- 
ing this  period.  In  other  words,  we  have  brought  into  the 
secondary  schools  of  the  country  a  great  body  of  new  people, 
people  with  entirely  different  motives  for  attendance  upon 
,  those  high  schools,  or  any  other  school,  from  the  motive  that 
prompted  people  going  to  the  secondary  schools  twenty-five 
years  ago.  Some  of  these  students  are  looking  forward  to 
business,  some  to  the  new  professions.  Taken  all  together, 
their  aims  are  as  manifold  as  the  activities  of  the  community. 
As  a  result  the  high  school  has  a  new  problem,  from  the 
point  of  view  of  its  students,  and  even  those  traditional  sub- 
jects which  have  been  regarded  as  settled  in  prestige  and 
method  are  beginning  to  be  questioned  as  to  the  missions 
which  they  must  perform  and  may  perform  in  secondary 
education. 

In  the  second  place,  a  very  large  body  of  new  material 
has  come  into  the  course.  In  parallel  with  your  own  sciences, 
there  are  the  modern  languages  and  art  and  history.     One 
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might  go  on  and  enumerate  all  those  sciences  which  clas» 
themselves  as  "humanities."  There  are  the  economic  sciences^ 
and  of  course  all  of  the  practical  arts.  We  have  as  a  result  a 
program  that  must  be  made  up,  for  the  advantage  of  the  great 
body  of  students,  and  also  we  have  a  program  filled  up  with  new 
subjects,  because  new  subjects  are  at  hand.  I  think  all  of  this 
creates  an  entirely  new  situation  in  the  secondary  schools  of  this 
country.  It  is  a  situation  that  might  be  described  as  paralleled  by 
all  our  modem  situations  in  business  and  civic  life. 

In  the  old  days  of  pioneer  communities,  people  set  up  their 
governmental  relations  somewhat  gradually  to  meet  new 
needs  and  one  could  see  the  government  gradually  evolving 
with  the  community;  the  community  could  try  out  thi* 
method  of  government  and  that  method  of  government. 
People  could  meet  together  and  could  settle  little  difficultiesr 
as  they  appeared;  the  government  could  grow  with  the  new 
needs  of  the  community. 

That  is  practically  what  we  had  in  the  early  schools.  The 
schools  began  on  a  very  small  scale.  They  began  with  limited 
material  of  instruction;  they  began  with  limited  numbers  of 
students,  and  those  students  were  all  of  a  very  defined  single 
type.  At  that  time  the  program  of  the  school  could  be  solved 
gradually.  That  is  why  a  traditional  subject,  like  Latin,  had 
relatively  an  easy  time  getting  its  material  worked  over,  be- 
cause the  mistakes  could  gradually  be  eliminated,  and  the 
methods  could  be  gradually  worked  out.  That  is  why  any- 
body could  teach  a  course  in  Latin.  That  is  why  the  ma- 
terial which  has  come  down  to  us  may  very  properly  be  de- 
scribed as  "elegant  pedagogical  material."  It  is  completely 
worked  over,  and  is  in  such  form  that  it  can  be  handled  by 
anybody  who  is  at  all  competent  to  teach  students  anything. 
It  was  worked  up  by  what  our  friends  in  animal  psychology 
call  the  slow  "trial  and  error"  method.  That  type  of  growth 
which  could  go  on  in  the  pioneer  community  and  in  our 
primitive  schools  has  passed.  Here  we  have  a  great  body 
of  students;  we  have  a  great  mass  of  new  scientific  material 
thrown  in  upon  us — one  needs  not  say  to  such  an  audience 
as  this,  at  what  rate  this  material  is  being  thrown  in  upoir 
us.  Our  problem  cannot  be  solved  by  the  slow  process  of 
"trial  and  error."  We  have  a  new  situation  in  our  schools  ;^ 
we  have  a  new  situation  in  our  government.  We  cannot 
stop  for  civic  institutions  to  grow  up,  as  they  grew  up  iw 
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our  pioneer  communities.  We  have  to  have  expert  examina- 
tion of  the  governmental  situation,  and  I  believe  we  need 
to  have  for  like  reasons  expert  examination  of  our  school 
problems. 

You  cannot  wait  a  single  year;  you  cannot  wait  a  single 
semester  for  physics,  chemistry  or  biology  to  be  worked  out 
by  any  "trial  and  error"  method.  It  is  not  possible  for  us 
to  be  at  all  complaisant  in  the  presence  of  the  hundreds  of 
students  who  come  into  our  secondary  schools,  and  to  say, 
''We  can  afford  to  make  mistakes  while  we  are  putting  this 
new  material  into  the  schools."  We  have  a  commission  form 
of  government,  and  we  must  put  experts  on  the  problem  of 
arranging  material  for  our  schools,  exactly  as  we  put  ex- 
perts on  arranging  our  modern  commercial  life,  and  as  we 
employ  experts  in  arranging  our  civic  life.  The  time  has 
passed  when  we  can  do  things  in  a  small,  experimental  way 
in  any  one  of  these  walks  of  life.  That  is  why  it  is  proper, 
and  that  is  the  only  reason,  it  seems  to  me,  why  it  is  proper 
for  your  executive  committee  to  substitute  on  this  program 
a  student  of  education  for  a  student  of  one  of  your  sciences. 

What  is  the  difficulty  with  science  instruction,  when  one 
faces  it  frankly?  It  is  my  business  to  study  teachers  with 
as  much  scientific  machinery  as  my  colleagues  and  I  can  in- 
vent for  an  examination  of  your  characteristics.  You  who 
are  here  represent,  only  in  a  rough  general  way,  the  actual 
community  that  administers  science.  I  shall  attempt,  how- 
ever, to  include  in  my  discussion  all  science  teachers.  Among 
you  and  your  colleagues  I  can  find  two  general  classes  that, 
I  think,  are  open  to  criticism.  I  have  no  doubt  you  would 
join  me  in  criticising  the  untrained  science  teachers.  We  all 
of  us  know  his  and  her  characteristics.  We  all  know  the 
great  difficulties  that  secondary  schools  the  country  over  have 
in  using  such  teachers  to  introduce  the  sciences.  Here  is  a 
teacher  that  knows  so  little  about  a  science  that  he  can 
barely  keep  one  lesson  ahead  of  the  class.  A  class  is  never 
fooled  by  that  sort  of  a  teacher.  When  you  get  a  science 
teacher  who  is  so  limited  in  his  comprehension  of  the  sub- 
ject that  any  new  question  that  arises  is  postponed  until  to- 
morrow and  postponed,  frequently,  with  such  a  lack  of  frank- 
ness, that  the  class  is  perfectly  clear  as  to  the  reason  why 
it  is  postponed,  you  will  find  that  the  vitality  has  been  taken 
out  of  science  teaching.    What  you  ought  to  have  is  a  teacher 
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in  science  able  to  meet  questions  that  arise  in  the  minds  of 
any  vigorous  class  pursuing  science.  The  situation  in  science 
is,  I  believe,  a  little  different  from  the  situation  that  presents 
itself  in  reference  to  the  subjects  where  text-books  are  the 
chief  means  of  instruction.  You  cannot  raise  as  many  new 
questions  about  Caesar's  bridge  as  you  can  raise  about 
the  various  facts  of  life  and  about  the  simplest  physical 
phenomena.  In  science  more  than  in  any  other  subject  the 
untrained  teacher  is  sure  to  be  found  out.  We  have  too 
many  untrained  teachers.  I  need  not  dwell  on  that  phase  of 
the  subject,  because  I  am  sure  you  will  agree  with  me. 

I  am  a  little  in  doubt  whether  you  will  agree  with  my  next 
statement.  I  think  there  are  some  teachers  who  are  over- 
trained in  science — that  is,  I  should  say  they  are  overtrained 
in  a  single  science.  I  have  seen  teachers  who  knew  a  great 
deal  about  only  one  subject  in  science.  They  might  be  very 
good  people  in  a  large  high  school  system  where  the  school 
could  afford  to  have  one  specialist  dealing  with  each  phase 
of  science,  provided  these  specialists  worked  under  the 
guidance  of  somebody  else.  Please  note  all  of  the  elements 
of  the  situation.  That  these  specialists  should  be  guided  is 
as  important  as  that  they  know  their  subjects. 

I  dare  say  you  recognize  the  difficulty  I  am  trying  to  point 
out,  but  I  shall  venture  to  recount  one  of  my  experiences. 

I  had  the  privilege  of  studying  at  one  time  with  a  man 
who  had  found  the  atomic  weight  of  some  substance — I  do 
not  remember  now  what  it  was.  We  had  that  atomic  weight 
at  every  meal  served.  I  am  certain  that  my  fellow  student 
probably  has  the  methods  of  getting  that  atomic  weight  as 
refined  as  they  could  be;  I  doubt  whether  they  could  be 
improved  upon,  and  he  doubted  whether  they  could  be  im- 
proved upon.  But  that  man  could  not  talk  about  anything 
else.  He  was  absolutely  wrapped  up  in  atomic  weight,  or 
whatever  it  was.  He  was  so  absorbed  in  that  subject  that  I 
often  wondered  what  he  could  do  when  he  tried  to  teach. 

That  may  be  an  extreme  case,  and  yet  I  have  seen  that 
same  sort  of  thing  in  schools.  Suppose  a  man  is  so  well 
trained  in  chemistry  that  when  he  begins  to  prepare  a  high 
school  course  he  can  see  nothing  but  the  demands  of  chem- 
istry ;  he  will  ruin  your  school  program. 

When  you  get  a  specialist  who  is  so  absorbed  in  the  one 
subject,  you  have  from  the  point  of  view  of  the  administrator 
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of  a  high  school,  a  very  serious  problem.  It  is  a  problem 
of  organizing  a  course  of  study  for  students  with  a  man  who 
has  forgotten  the  students.  One  must  organize  a  compre- 
hensive succession  of  sciences  extending  through  the  high 
school,  and  you  cannot  get  that  done  if  you  depend  on  a 
person  who  is  trained  only  in  one  science.  I  am  perfectly 
clear  about  that.  It  is  easy  to  arrange  a  four-year  course  in 
Latin,  because  Latin  is  just  Latin.  You  can  arrange  as  many 
courses  in  Latin  as  you  like,  because  they  all  run  along  in 
the  same  line.  But  who  can  settle  the  question  about  a  four- 
year  course  in  science,  and  who  is  going  to  settle  it?  Cer- 
tainly not  the  overtrained  science  teacher.  That  is  why  I 
say,  you  will  find  persons  who  ought  to  be  criticised,  not  be- 
cause they  are  undertrained,  but  because  they  are  over- 
itrained  in  one  direction.  What  we  need  is  somebody  who 
(Can  take  a  sufficiently  comprehensive  view  of  science  in  our 
secondary  schools  to  organize  some  sort  of  a  coherent  course 
in  science. 

The  difficulty  of  getting  a  coherent  course  in  science  is  the 

rgreat-est  difficulty  which  a  layman  sees.    He  goes  to  a  science 

^meeting  when  he  has  an  invitation,  and  he  hears  discussions 

.-about  how  the  sciences  shall  be  introduced,  and  he  finds  little 

cooperation  between  the  different  kinds  of  specialists  in  sci- 

•enQe.     H«  «ees  so  little  comprehension  of  the  real   school 

prdblem,  namely,  that  of  getting  systematic  work  planned  for 

-four  years ;  lie  finds  it  so  difficult  to  get  among  the  specialists 

in  science  any  discussion  of  this  problem,  that  he  begins  to 

be  anxious  lest  specialization  in  science  shall  be  the  bane  of 

•our  secondary  education. 

r  have  talked  about  the  degree  of  training  of  teachers,  and 
1  have  discussed  the  situation  of  undertraining  and  over- 
training briefly.  There  is  another  type  of  difficulty  which  I 
ihave  referred  to  above  and  shall  now  venture  to  elaborate. 
Science  teachers  are  not  willing  to  examine  and  discuss  the 
•needs  of  their  students  as  a  primary  consideration  in  the  or- 
-ganization  of  their  courses.  Science  has  a  kind  of  inflexible 
iogic  of  its  own  in  the  mind  of  a  mature  teacher,  has  a  kind 
.of  coherency  in  organization  that  is  so  attractive  that  to  break 
down  this  ideal  arrangement  in  any  wise  or  to  criticise  the 
typical  arrangement  of  science  material  in  any  wise  is  very 
repugnant  for  the  true  scientist.  I  sympathize  with  this  re- 
spect for  vtheilog^c  of  science.    I  should  be  very  glad  indeed 
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if  we  could  •begin  and  go  without  any  repetition  in  a  coherent 
march  through  physics  in  such  a  way  as  to  bring  the  student 
into  exact  knowledge  and  into  precise  forms  of  reasonings — 
I  say  I  should  be  glad  if  that  could  be  done,  without  leaving 
the  path  of  logical  order.  But  the  fact  of  the  case  is  that 
cannot  be  done;  and  I  think  we  have  all  come  to  see  that  it 
is  exactly  what  the  earlier  subjects  accomplished  through  the 
"trial  and  error"  method  that  we  must  work  out  in  science. 
The  earlier  subjects  came  in  with  a  mass  of  material,  and  they 
tried  it  and  presented  it  to  the  students,  and  the  students  took 
it  or  did  not,  and  little  by  little  the  available  materials  were 
selected  and  arranged.  When  we  get  first-year  books  in  any 
traditional  subject  we  get  the  benefit  of  that  early  experience. 
On  the  other  hand,  when  you  come  to  the  sciences,  there  is, 
even  to  this  day,  the  inertia  which  comes  from  respect  for 
logic.  Let  us  present  science,  says  the  specialist,  in  the  order 
known  to  be  the  final  order.  I  repeat,  that  you  cannot  do  it, 
and  it  is  my  plea  as  a  student  of  education ;  a  plea  to  you  who 
are  specialists  in  sciences ;  let  us  get  together  and  see  that  this 
material  is  in  some  fashion  reorganized,  and  that  you  make  it 
your  business  to  study  the  students. 

I  do  not  know  of  any  more  productive  study.  In  the  Uni- 
versity High  School  we  are  making  an  experiment  in  the 
teaching  of  mathematics.  It  is  a  radical  experiment ;  some  of 
you  know  about  it.  Mr.  Moore  suggested  it  some  years  ago. 
It  is  an  experiment  in  combining  algebra  and  geometry,  and 
it  leads  to  a  good  many  difficulties  which  do  not  appear  when 
you  make  the  general  statement  that  you  are  going  to  com- 
bine these  two  branches  of  mathematics  with  each  other.  We 
are  trying  to  do  the  rational  thing;  we  are  trying  as  we  go 
along  to  make  a  minute  study  of  what  is  the  effect  of  this 
combination  in  the  training  of  students.  We  are  taking  cer- 
tain routine  work  of  the  students  and  examining  minutely 
this  routine  work  with  a  view  to  finding  out  whether  they 
get  the  algebra  part  of  that  work  or  the  geometry  part  of 
that  work  more  effectively  and  whether  they  get  all  the  dif- 
ferent types  of  each.  It  is  astonishing  how  many  different 
types  of  geometry  you  can  develop,  if  you  view  it,  not  only 
from  the  mathematical  point  of  view  but  from  the  point  of 
view  of  the  student.  You  can  pick  out  the  student  who  reacts 
readily  to  one  sort  of  geometrical  discipline  and  a  student  who 
reacts  better  to  another  sort.    Why  is  that  not  a  worthy  prob- 
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lem  for  scientific  study?  Why  is  that  not  just  ^s  important 
a  problem  as  the  anatomy  of  the  grasshoppers?  Why  is  it 
not  just  as  important  a  scientific  problem  to  understand  stu- 
dents as  to  understand  the  lower  forms  of  life? 

One  of  the  members  of  this  association  undertook  the  same 
sort  of  analysis  of  the  work  of  students  done  in  the  first  year 
in  our  high  school  general  science  course.  You  can  dis- 
tinguish between  observation  and  reasoning;  and  you  can 
distinguish  different  types  of  observation.  With  these  dis- 
tinctions in  mind,  you  can  make  a  study  not  only  of  the  ma- 
terial of  your  science,  but  you  can  turn  your  scientific  acumen 
upon  that  more  difiicult  problem,  which  is  the  examination 
of  the  students  who  are  to  learn  the  science. 

I  find  too  little  interest  in  this  kind  of  study  and  too  little 
training  to  take  up  such  study  among  secondary  school 
teachers  of  science.  Indeed,  I  may  say  that  a  like  criticism 
must  be  made  of  secondary  teachers  in  general.  The  teacher 
of  the  modern  languages  and  the  teacher  of  the  classics  as 
well  as  the  teacher  of  mathematics  and  science,  is  too  often 
neglectful  of  his  duty  to  study  the  student.  I  find  too  little 
recognition  of  the  fact  that  it  is  a  worthy,  intellectual  under- 
taking for  the  secondary  school  teachers  to  study  methods. 
In  this  respect  secondary  teachers  are  far  behind  the  ele- 
mentary school  teachers.  The  elementary  school  teacher  long 
ago  recognized  the  fact  that  he  or  she  knew  enough  subject- 
matter. 

I  want  to  interrupt  myself  long  enough  to  say  that  I  accept 
from  no  one  criticism  of  this  attitude  on  the  ground  that  it 
does  not  emphasize  subject-matter  enough.  I  agree  with  the 
most  violent  advocate  of  subject-matter  when  he  says  that 
there  are  many  teachers  in  the  schools  who  ought  to  devote 
themselves  more  to  the  sciences  they  are  teaching.  I  should 
not  want,  any  more  than  you,  an  untrained  teacher.  But 
after  we  have  agreed  in  praising  subject-matter,  I  call  your 
attention  to  the  fact  that  elementary  teachers  have  discovered 
that  their  fundamental  and  chiefest  problem  is  the  problem 
of  arranging  material  so  that  it  shall  be  acceptable  to  the 
children  and  educative  in  its  character. 

One  does  not  need  to  know  much  about  arithmetic  to  teach 
arithmetic  in  the  first  grade,  but  one  must  know  a  deal  about 
first  grade  children.  One  does  not  need  to  know  a  great  deal 
about  arithmetic  to  teach  second  grade  children,  but  one  must 


Digitized  by  LjOOQIC 


MEANING  OF  SCIENCE  IN  SECONDARY  SCHOOLS        95 

understand  what  changes  have  taken  place  in  the  intellectual 
development  of  those  children  as  they  have  passed  out  of  the 
first  year  arithmetic  into  the  second  year.  That  is  the  kind 
of  problem  that  the  elementary  school  teachers  have  dis- 
coveredi  and  it  is  the  kind  of  problem  that  we  are  going  to 
investigate  shortly  in  the  secondary  schools  of  this  country. 
It  is  the  problem  of  understanding  that  when  you  pass  from 
the  first  year  high  school  to  the  second  year,  and  from  the 
second  year  to  the  third  year,  you  have  made  a  great  change 
in  the  type  and  arrangement  of  the  intellectual  material  which 
you  can  offer  your  class. 

Someone  asked  Woodrow  Wilson  what  he  thought  of  Presi- 
dent Butler's  statement  that  students  ought  to  graduate  from 
our  American  colleges  at  the  end  of  the  second  year?  His 
answer  was,  "Did  you  ever  think  of  graduating  a  college 
sophomore?"  I  think  that  sort  of  an  inquiry  brings  your  at- 
tention to  a  type  of  fact  which  you  must  consider.  Did  you 
ever  weigh  carefully  the  possibility  of  accomplishing  with  a 
high  school  sophomore  some  of  the  feats  we  try?  A  sopho- 
more is  sui  generis.  He  has  as  good  a  right  to  be  studied 
as  the  amoeba;  he  has  as  good  a  right  to  be  studied  as  the 
pans  asinorum.  The  teacher  who  goes  flippantly  into  a  sopho- 
more class  in  high  school,  believing  it  is  a  mere  class  in  sci- 
ence instruction,  has  not  the  training  for  that  work  which  he 
ought  to  have,  and  has  not  the  training  that  we  shall  be  de- 
manding very  shortly,  before  we  let  him  experiment  with  a 
sophomore  class.  You  would  not  let  an  untrained  person  go 
in  and  use  some  of  your  apparatus;  we  shall  come  to 
recognize,  sooner  or  later,  that  we  have  apparatus  in  the 
desks  as  well  as  on  the  lecture  desks.  When  we  recognize 
the  fact  that  it  requires  as  much  training  to  manipulate  these 
mental  machines  as  it  does  to  manipulate  some  apparatus  set 
before  students  for  the  purpose  of  instruction,  we  shall  make 
more  rapid  progress  in  science  instruction. 

May  I  occupy  a  few  moments  more  in  offering  you  some 
suggestions  about  investigations  of  the  type  I  have  been  try- 
ing to  advocate.  The  first  question  I  should  suggest  to  you 
is  the  question  of  the  different  types  of  interest  which  ap- 
pear at  different  stages  of  intellectual  maturity.  Mr.  Finlay, 
under  the  general  guidance  of  Dr.  Caldwell,  made  such  an 
investigation  in  our  elementary  school. 

May  I  digress  to  say  that  I  believe  you  will  never  solve 
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your  problem  of  science  in  the  secondary  school  until  you 
have  solved  the  problem  of  science  in  the  elementary  school? 

Mr.  Pinlay's  investigation  was  made  in  the  elementary 
school.  He  raised  a  question  that  is  supposed  by  many  to  be 
answered.  That  question  is,  "What  kind  of  scientific  in- 
terest do  the  pupils  exhibit  in  the  different  grades  of  the 
elementary  schools?"  You  can  find  it  written  down  in  all 
of  our  pedagogical  discussions,  and  journals  of  science,  that 
you  should  first  study  animals  and  plants;  that  you  must 
progress  slowly  to  the  formal  sciences  of  physics  and  chem- 
istry. Mr.  Finlay  took  two  or  three  kinds  of  science  material 
into  our  elementary  school  in  the  ordinary  routine  of  nature 
study  instruction.  He  took  'into  the  class  an  interesting 
animal,  an  interesting  plant,  and  a  rough  pendulum.  He 
demonstrated  these  and  then  let  the  pupils  ask  questions  about 
them.  Later  he  asked  them  to  write  a  description  of  what 
they  had  seen.  The  only  result  I  want  to  point  out  is  that 
the  pendulum  did  not  suffer  by  comparison  with  the  animal 
and  plant.  Why?  I  think  the  answer  is  that  this  swinging 
pendulum  presented  a  compact,  easily^  analyzed  phenomenon. 
When  you  present  that  sort  of  thing  children  like  it,  because 
they  can  comprehend  it.  A  child  can  be  baffled  by  zoolc^cal 
information  thrown  at  him.  He  can  be  as  much  confounded 
by  that  as  by  any  mathematical  demonstration  in  physics. 
The  trouble  is  that  we  have  allowed  ourselves  to  believe  that 
it  is  intricate  analysis  that  characterizes  physics.  You  can- 
not begin  with  that.  You  have  to  begin  with  something  that 
works  easily,  something  that  works  simply.  Those  chil- 
dren were  making  pendulums  after  Mr.  Finlay  had  shown 
them  one. 

My  discussion  of  the  subject,  "The  Meaning  of  Science  in 
Secondary  Schools,"  has  been  for  the  most  part  negative.  I 
do  not  believe  that  science  in  the  secondary  schools  ever  will 
perform  its  proper  mission  until  those  who  are  the  custodians 
of  that  branch  of  learning  have  worked  it  over  in  such  fashion 
that  it  can  get  into  the  minds  of  the  secondary  school  students. 
So  long  as  it  hovers  around  the  outside  of  their  minds,  even 
though  it  may  be  perfectly  clear  and  lucid  in  your  own  think- 
ing, it  has  not  very  much  of  a  mission  except  to  earn  your 
own  salaries,  and  for  that  purpose  it  is  not  of  great  value  to 
many  of  the  students  who  pass  under  your  care. 

I  have  spoken  of  science  for  the  most  part,  but  much  of 
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^hat  I  have  said  applies  to  mathematics.  Algebra  is  one  of 
<the  greatest  sources  of  retardation  and  elimination  in  our 
.schools.  A  student  who  is  confronted  in  his  first  year  with 
Latin  and  ancient  history,  and  the  usual  type  of  algebra,  has 
a  grievance  against  our  civilization.  What  we  need,  and 
^what  we  shall  get  shortly,  is  some  reorganization  of  our  alge- 
bra and  geometry. 

To  come  back  for  a  general  recapitulation  of  what  I  have 
tried  to  say.  I  have  heard  teachers  remark  complaisantly, 
""Why,  science  will  work  itself  out."  But  we  are  not  in  that 
kind  of  an  age  at  all,  either  in  business,  government,  or  school 
life.  We  cannot  wait  for  science  to  work  itself  out,  as  Latin 
<iid.  One  can  go  back  and  read  that  long  and  dreary  h\story 
of  medieval  secondary  education,  and  see  that  the  business 
of  these  schools  was  primarily  the  training  of  Latin  teachers, 
not  of  the  pupils.  The  teacher  cannot  enjoy  that  indulgence 
in  modern  life.  The  modern  community  is  unwilling  to  ex- 
periment for  the  purpose  of  training  teachers.  The  community 
is  impatient  with  the  failures  in  science  instruction.  Why  do 
these  failures  appear?  Because  scientific  material  has  not 
been  organized,  because  such  associations  as  this  find  it  ex- 
tremely difficult,  when  they  come  together,  to  determine  with 
definiteness  what  science  ought  to  be  given  in  the  first  year, 
what  science  ought  to  be  given  in  the  second  year.  There  are 
plenty  of  people  who  know  physics  and  chemistry,  biology 
and  botany,  and  what  not,  but  there  is  a  painful  minority  who 
know  enough  in  general  of  all  of  these  sciences  to  compre- 
hend what  we  people  who  come  to  you  from  the  administra- 
tion side  and  from  the  lay  side  of  this  school  situation,  are 
trying  to  urge  upon  you — the  necessity  of  a  four-year  course 
in  science,  or  something  like  two  coherent  years  in  science. 
Is  it  not  possible  for  you  to  get  away  from  physics  and 
chemistry  and  physiography  long  enough  to  study  the  abil- 
ities of  high  school  students? 

It  is  an  interesting  fact  that  you  are  brought  together  under 
that  general  term,  "Science,"  recognizing  a  common  interest 
in  spite  of  the  diversity  of  interests  included  under  that  gen- 
eral name.  Why  do  you  group  yourselves  together  thus?  I 
think  it  is  because  all  of  us  feel  that  there  is,  somehow,  a 
single  problem  back  of  all  these  special  lines  of  instruction. 
There  is  a  single  kind  of  opportunity  which  you  have  that 
is  different  from  the  opportunity  of  those  who  teach  the  hu- 
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inanities  and  literary  subjects.  There  is  something,  vague  and 
general  though  it  be,  which  we  have  a  right  to  call  the  sci- 
entific method,  and  which  is  so  characteristic  of  our  modern 
life,  so  important  to  every  student  who  goes  out  from  the 
secondary  schools,  that  there  ought  to  be  sciences  in  the 
secondary  school  course.  So  much  we  all  hold  without  the 
slightest  reserve,  that  you  have  one  of  the  greatest  oppor- 
tunities in  secondary  education;  that  you  have  one  of  the 
largest  opportunities  to  introduce  a  body  of  new  material  that 
shall  revitalize  the  middle  school  which  is  the  center  of  our 
educational  system.  If  you  are  to  succeed,  I  believe  it  will 
be  because  you  turn  about  and  face  not  only  the  specific  prob- 
lems of  your  own  particular  science,  but  that  great  general 
scientific  question,  the  question  of  the  organization  of  your 
material.  This  question  involves  a  minute  and  careful  ex- 
amination of  your  students  as  well  as  your  subject-matter. 
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ON  THE  TEAOHZNG  OF  MATHEMATICS  TO  FRESHMEN 
ENGINEEBINa  STUDENTS. 

By  Ernest  W.  Ponzer, 
Stanford  University, 

In  rapidly  growing  universities  where  colleges  of  engineer- 
ing are  established,  the  teaching  of  mathematics  to  freshmen 
students,  especially  those  electing  technical  courses,  can  easily 
drift  into  a  very  unsatisfactory  condition.  The  number  of 
students  registering  for  the  courses  in  freshman  mathematics, 
which  generally  include  college  algebra,  trigonometry,  and 
analytics,  whether  taught  separately  or  correlated,  has  been 
constantly  increasing  and  the  engineering  majors  form  by 
far  the  greater  part  of  this  number.  The  problem  of  satis- 
factorily giving  instruction  in  mathematics  to  this  class  of 
students  is  now  being  worked  out  in  more  or  less  detail  by 
the  special  committee  of  mathematicians  and  engineers 
formed  three  years  ago,  whose  particular  purpose  is  to  in- 
vestigate the  larger  problem  of  mathematics  for  engineering 
students.  Their  recent  preliminary  report,  covering  also  the 
mathematics  of  the  sophomore  engineering  student,  should 
be  studied  carefully  by  all  instructors  having  such  classes 
in  charge.  However,  even  much  study  of  any  report  will 
lead  to  little  or  no  result  unless  the  instructor  has  definite 
notions  and  aims  concerning  the  field  in  which  he  is  working 
and  the  courage  of  his  convictions  in  carrying  out  his  plans. 
This  should  apply  as  well  to  the  department  backing  the 
instructor  and  to  the  university  backing  the  department.  Have 
all  these  considered  the  problem  worth  while  or  even  recog- 
nized it?  Do  they  know  what  it  means?  Fundamentally 
the  solution  is  easy  and  I  instance  the  case  of  Stanford  Uni- 
versity, where  the  department  of  applied  mathematics  has 
given  it  serious  attention  for  some  time.  Reduced  to  first 
principles  it  is  a  question  of  whether  or  not  the  institution  and 
its  departments  or  colleges  think  it  worth  while  bestowing 
upon  the  freshman  student  the  attention  due  him,  an  amount 
at  all  commensurate  with  that  given,  say,  the  graduate 
student.  Viewed  from  another  standpoint  it  is  a  question 
of  the  highest  efficiency  all  along  the  line,  for  the  freshman 
as  well  as  the  senior  or  graduate  student — whatever  is  worth 
doing  is  worth  doing  well.     Does  the  institution  believe  in 
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this  policy  or,  if  so,  is  it  carried  out  only  in  resolutions  which 
reform  much  but  too  often  entirely  on  paper  1 

How  are  universities  solving  the  problem  to-day?  We 
have  all  seen  the  professor  whose  interest  lies  chiefly  in 
research  in  pure  mathematics  "doing  duty"  with  a  section  of 
twenty-five  or  thirty  freshmen  or  sophomore  engineerings 
students  in  the  same  frame  of  mind  as  the  man  who,  though, 
he  "didn't  like  crow,  yet  he  ate  crow."  We  have,  perhaps,, 
heard  him  say  frankly  that  he  wasn't  interested  in  the  problem 
anyhow,  but  that  the  sections  must  be  taught  somehow.  •  We 
have  seen  such  a  course  conducted  by  the  lecture  method 
entirely  and  the  whole  emphasis  placed  on  abstract  and  rigid 
proofs,  a  method  not  at  all  suited  to  the  needs  and  capabili- 
ties of  the  students  and  removed  as  far  as  possible  front 
the  recommendation  of  the  committee  on  engineering  mathe- 
matics, which  says:  "The  main  part  of  the  work  of  such  a. 
course  should  be  problems  done  by  the  students — each  prob- 
lem being  solved  on  the  basis  of  the  small  number  of  funda- 
mental theorems  here  mentioned."  The  existence  of  such  a 
condition  of  affairs  is  deplorable  from  the  viewpoint  of 
either  the  professor  or  the  students  in  his  sections. 

If  the  situation  just  outlined  is  deplorable,  what  can  be 
said  of  that  where  the  majority  of  the  sections,  at  least  of 
freshmen  engineering  students,  is  in  charge  of  assistants  or 
fellows  in  the  department  of  mathematics!  Their  tenure  of 
office  is  short,  their  experience  in  teaching  limited,  their 
special  training  to  handle  the  problem  none,  and  their  main 
interest  in  the  lectures  on  their  advanced  work  toward  their 
degrees.  Luckily  for  the  freshmen,  there  are  among  these- 
men  those  who  in  their  enthusiasm  to  make  good  also  in 
their  teaching  will  develop  in  the  student  the  same  enthusiasm 
in  his  work,  even  though  the  whole  problem  of  his  instruc- 
tion in  college  mathematics  may  be  handled  with  efficiency 
in  spots  only. 

Perhaps  it  may  be  argued  that  there  is  no  problem;  that 
anybody  having  had  a  reasonable  training  in  mathematics 
is  capable  of  handling  the  freshman  work,  and  too  often  is 
practice  based  on  this  assumption.  The  college  of  engineering 
or  its  equivalent  has  a  right  to  demand  a  different  attitude 
toward  this  work.  We  believe  that  there  is  not  only  a  problem 
well  worth  while  but  that  it  is  worthy  of  a  doctor's  thesis  on 
the  pedagogy  of  mathematics. 
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Let  us  see  the  nature  of  the  material  upon  which  the  in- 
structor is  to  work.  Undoubtedly,  the  students  attending^ 
college  are,  as  students,  the  best  that  are  graduated  from 
our  rapidly  growing  high  schools.  Let  us  "size  up"  a  few 
types  as  they  come  to  us.  They  are  in  general  enthusiastic 
in  their  work,  in  which  particular  we  seem  not  to  agree  with 
the  somewhat  pessimistic  strictures  recently  passed  upon  col- 
lege students  in  general.  They  may  not  be  exactly  certain  of 
the  choice  of  their  profession  but  they  certainly  have  a  whole- 
some respect  for  engineering  as  a  career.  We  have,  first  of  all, 
a  small  percentage  of  students  poorly  prepared  in  their  high 
school  mathematics,  especially  algebra.  These  slipped  through 
their  courses  carelessly,  their  high  school  instructors  were 
easy  on  them,  anything  went,  and  the  students  received  their 
credits  for  admission  to  the  university.  As  an  extreme  case 
I  mention  one  where  the  student  had  the  official  stenographer 
of  the  secondary  school  fill  in  for  good  measure  grades  on 
several  subjects  he  had  never  studied — and  the  principal 
signed  the  report.  However,  students  of  this  type  are  not 
numerous  and  the  department  is  fortunate  which  can  weed 
them  out  in  the  first  few  weeks  of  the  course.  Especially  weB 
can  this  be  done  for  the  department  of  mathematics  if  college 
algebra  is  the  first  course  offered  in  the  freshman  work.  A 
brief  review  of  elementary  algebra  will  suffice  to  show  up 
those  who  "beat  the  game"  in  some  way  or  other.  The 
results  of  two  years'  trial  of  this  process  at  Stanford  Univer- 
sity show  that  about  ten  per  cent  are  of  this  type.  Care 
should  be  taken  to  "size  up"  the  men  carefully  and  allowance 
made  for  those  whose  preparatory  work  had  been  done  some 
time  before,  and  who  were  in  consequence  "rusty"  in  their 
algebra.  High  school  instructors  of  mathematics  would 
hardly  care  to  hear  in  detail  the  summing  up  of  the  evidence 
which  these  men  give  and  their  statements  concerning  the 
reasons  for  their  poor  preparation.  Let  us  eliminate  these 
from  the  discussion  with  their  elimination  from  freshman 
classes  in  mathematics.  There  is  an  added  problem  on  the 
hands  of  the  department  of  mathematics  in  institutions  where 
such  a  weeding-out  process  would  not  be  allowed. 

We  have  as  another  type  the  high  school  graduate  who^ 
under  indulgent  teachers,  seemed  bright  in  his  mathematics. 
It  is  a  case  of  overconfidence  and  false  standards  in  his  case  and 
he  wonders  why  he  doesn't  lead  his  class  as  before.    He  forgets 
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that  there  is  more  competition  and  a  faster  rate  of  progress.  His 
failure  to  attain  the  false  standard  he  formerly  had  may  dis- 
courage him  or  even  put  him  out  of  sorts  with  college  mathe- 
matics. His  case  remains  for  a  time  at  least  a  problem  for  the 
instructor  to  solve. 

Again  we  have  the  business  college  student  who  writes  well, 
flourishes  his  letters,  and  shades  the  capitals  well.  He  may 
even  have  taken  a  so-called  collegiate  course  in  an  institution 
where  degrees  are  granted  when  so  many  courses  are  paid  for. 
Invariably  he  thinks  he  knows  much,  and  it  is  often  a  problem 
to  get  him  on  a  rational  basis  where  he  works  efficiently, 
and  where  superficial  work  is  at  a  discount. 

There  also  presents  himself  the  student  who  wants  every- 
thing to  be  intensely  practical.  He  likes  his  rules  ready- 
made  and  wishes  so  to  apply  them.  It  may  be  a  difficult 
problem  to  get  him  to  appreciate  a  fine  bit  of  theory,  but 
it  certainly  must  be  impressed  upon  him  that  he  is  attending 
college  not  for  the  sake  of  simply  getting  formulas  and  attain- 
ing an  ability  to  apply  them.  Rather  is  he  to  get  at  the 
fundamental  truths  of  the  science  and  not  to  accept  blindly 
definite  rules  of  procedure  outlined  in  texts.  He  must  be 
taught  to  get  the  fundamental  laws,  for  the  engineer  must 
not  only  know  the  theory  but  know  it  so  well  that  he  is 
able  to  use  it.  And  I  distinguish  clearly  between  theory 
and  abstraction  and  choose  in  favor  of  the  former.  If  the 
student  has  done  practical  work  before  entering  college  it  is 
well  and  his  point  of  view  is  worth  knowing.  The  instructor 
should  be  able  to  appreciate  the  same  and  go  him  one  better 
by  showing  him  where  he  may  employ  the  finer  processes 
of  mathematics  to  problems  which  so  far  he  has  solved  by 
rule  of  thumb. 

Rarely  does  there  appear  a  student  with  a  decided  analytic 
trend  of  mind.  A  student  of  this  type  will  ask  to  have  things 
expressed  in  equations  or  symbols,  after  which  it  means  more 
to  him  than  if  illustrated  by  a  figure.  He  is  apt  to  be  visionary 
and  to  emphasize  abstraction  above  theory  and  application 
and  generally  lack  in  ability  to  use  his  mathematics. 

On  the  other  hand  there  is  by  far  the  majority  with  a 
geometric  turn  of  mind.  A  student  of  this  type  will  want  to 
see  how  things  look  when  illustrated  arid  he  may  waste  much 
time  while  his  geometric  intuition  is  at  work  gathering  the 
facts  of  observation,  but  he  will  be  sure  of  his  theory  when 
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his  conclusion  is  reached  because  he  has  seen  it  from  another 
point  of  view.  Definite  and  concrete  results  are  easily  ob- 
tained from  this  type.  He  may  be  a  man  who  letters  and 
draws  well,  perhaps  has  worked  some  around  a  drafting  office, 
perhaps  may  not  get  beyond  simple  geometric  considerations. 
He  may  even  do  a  piece  of  work  which  grades  one  hundred 
per  cent  on  looks  and  arrangement  and  miss  the  point  of 
the  whole  problem  a  mile — or  more. 

There  is  the  slow  man,  the  plodder,  who  always  works  twice 
as  hard  as  most  men,  whose  grades  will  always  be  just  about  so 
good  but  no  better;  but  he  always  responds  to  an  effort  made 
in  the  interest  of  his  welfare. 

We  have  also  the  natural  bom  loafer,  who  soon  finds  out 
that  mathematics  is  honest  and  returns  results  only  after  effort ; 
he  soon  feels  it  not  worth  his  while  to  do  the  strenuous  work 
required  and  the  college  of  engineering  knows  him  no  more. 
He  will  generally  find  an  easier  berth  in  some  other  depart- 
ment. Wc  have  the  sloppy  man  whose  work,  however  good, 
never  shows  up  for  its  full  value,  and  who  seems  totally  in- 
capable of  making  a  decent  figure  to  accompany  a  demonstra- 
tion. And  the  careless  man  is  always  with  us.  Extreme  cases 
of  this  type  have  been  known  who  would  just  as  soon   say 

(^+j')'=^+y  and    --T-:  = h  -r  ^^  ^o^  and  when  such 

a~ro        a         o 

exhibitions  are  made  the  instructor  will  think  as  Holmes  says: 
"It  may  be  questioned  whether  anything  can  be  conscious  of 
its  own  flavor.  Whether  the  musk  deer,  or  the  civet  cat,  or  even 
a  still  more  eloquently  silent  animal  that  might  be  mentioned, 
is  aware  of  any  personal  peculiarity,  may  well  be  doubted." 

But  let  us  not  forget  the  well-trained  student  from  reputable 
high  and  preparatory  schools  as  well  as  those  which  come  from 
technical  and  manual  training  high  schools.  His  grades  may  be 
accepted  at  par,  the  gleam  of  intelligence  is  in  his  eye,  and  he 
soon  works  efficiently  because  he  has  had  previous  training  in 
the  application  of  fundamental  principles,  and  he  knows  them 
so  well  that  he  feels  sure  of  his  ground.  He  will  reason  in- 
telligently, present  his  views  clearly,  and,  if  necessary,  set  the 
instructor  right  in  case  he  errs  in  the  details  of  the  presenta- 
tion of  a  subject.  This  type  is  becoming  more  and  more  the 
prevailing  one  and  it  may  be  asked:  "Why  not  work  for  this 
t3rpe  alone?"  Too  often  do  instructors  take  this  point  of  view — 
because  it  is  the  easy  way  out.    On  the  other  hand,  is  he  doing 
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his  full  duty  when  he  works  according  to  this  plan?  Certainly 
his  ideal  of  the  teaching  profession  is  not  the  highest  and  he 
certainly  takes  a  narrow  view  of  the  problem  of  college  fresh- 
man mathematics.  If  he  drops  out  the  human  side  of  his  work 
he  will  certainly  fail  in  efficiency  and  deserve  the  condemnation 
he  receives — if  not  from  the  department  or  faculty,  then  at  least 
from  his  students. 

And  what  should  be  the  aims  of  the  instructor,  and  what  may 
he  hope  to  accomplish?  Pedagogically  and  technically  it  is  a 
question  of  welding  into  a  homogeneous  mass  the  material  which 
presents  itself.  It  will  always  be  impossible  to  do  this  completely 
and  it  is  well  that  limitations  exist,  yet  the  general  process 
remains  the  same.  It  might  be  argued  that  in  this  process 
there  is  the  danger  of  destroying  the  individuality  of  the  student 
and  this  would  be  unfortunate  unless  the  individuality  were  a 
menace  to  efficient  work.  We  have  all  of  us  seen  in  our  sections 
pronounced  types  of  individualism  whose  sole  cure  lay  in  the 
drastic  and  energetic  methods  applied  at  times  by  upper  class- 
men, and  would  have  welcomed  the  application  We  would 
rather  approach  the  problem  from  the  standpoints  of  "smoothing 
off  the  roi  gh  comers"  and  of  efficient  work. 

^Vllat  ^hall  be  the  test  of  efficient  work  in  the  freshman 
courses?  As  far  as  content  of  courses  is  concerned  certain 
agreements  can  be  reached  and  these  include  the  essentials  as 
given  in  most  of  the  standard  texts  on  college  algebra,  trigo- 
nometry, and  analytics.  "The  main  part  of  the  work  of  such 
a  course  should  be  problems  done  by  the  student — each  problem 
being  solved  on  the  basis  of  the  small  number  of  fundamental 
theorems  here  mentioned."  This  should  always  form  the  back- 
bone of  any  course. 

The  ability  to  handle  the  men  so  that  they  are  working 
•efficiently  at  all  times  is  much  more  difficult.  It  is  by  far  a 
greater  problem  to  handle  them  in  this  manner  than  to  present 
a  course  of  lectures  illustrated  with  examples  worked  before 
their  eyes,  while  the  students  take  a  fleeting  note  or  two.  The 
interest  in  the  work  varies  directly  with  the  success  which  the 
student  has  in  keeping  his  head  above  water.  These  broad 
general  rules  apply  throughout. 

There  are  many  aids  toward  securing  this  efficiency  besides 
the  fundamental  one  which  hinges  on  the  personality  of  the 
instructor  and  his  interest  in  his  work.  Suppose  we  look  at 
the  actual  work  of  the  engineer  and  note  the  rules  which  apply. 
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In  the  first  place  the  engineer's  work  must  be  done  in  a  reason- 
able time,  for  time  means  money  in  actual  practice.  So  with 
the  student;  he  should  learn  to  concentrate  his  efforts  toward 
definite  ends  and  thus  secure  results.  The  practicing  engineer 
must  show  results  or  else  his  services  are  not  valuable.  Not 
that  this  principle  should  not  be  applied  with  a  view  to  the 
capabilities  and  individualities  of  the  students,  yet,  nevertheless, 
they  must  produce  results.  The  conclusions  reached  should  in 
all  cases  be  definite  and  clearly  stated,  and  a  constant  watch  over 
the  ability  of  the  student  to  use  fairly  decent  English  is  well 
worth  while.  Practical  problems  from  the  field  of  engineering 
practice  will  always  arouse  interest. 

A  further  inquiry  into  the  habits  of  engineers  will  reveal  the 
almost  universal  habit  of  illustrating  their  work  by  means  of 
suitable  figures  drawn  to  scale.  This  is  a  habit  difficult  for 
some  students  to  get,  and  yet  there  is  no  greater  aid  than  this 
in  helping  him  develop  that  "horse  sense"  necessary  for  a  success- 
ful career  as  an  engineer.  The  intelligent  and  universal  use 
of  coordinate  paper  throughout  the  year  will  develop  in  a  student 
an  ability  to  illustrate  his  thoughts  and  conclusions  which  will 
stay  with  him  to  the  end  of  his  course.  And  this  constant  use 
is  about  the  only  method  which  gets  the  results  desired. 

In  all  engineering  work  "checking  up"  is  of  primary  im- 
portance. Few  pieces  of  work  of  importance  are  carried  out 
on  the  authority  of  a  single  man  who  may  originate  a  design, 
but  all  computations  are  checked  carefully.  Instructors  of 
engineering  students  may  easily  learn  the  lesson  this  teaches. 
There  is  no  valid  reason  why  the  first-year  student  should  not 
use  the  slide  rule  and  planimeter  in  checking  up  the  results  of 
his  computations,  for  such  must  be  made  continually.  In  en- 
gineering practice  these  results  are  generally  obtained  correct 
to  a  certain  number  of  decimal  places  or  significant  figures.  This 
same  point  of  view  should  not  be  lost  sight  of  throughout  the 
course.  The  intelligent  use  of  tables  and  other  aids  mentioned 
is  certainly  a  valuable  by-product.  The  student  should  be  taught 
to  rely  on  his  conclusions,  generally  given  in  the  form  of  definite 
results,  and  to  gain  the  desired  confidence  he  must  be  sure  of 
his  work  to  the  desired  decimal  place.  His  mathematical  con- 
science will  be  developed  in  proportion  to  the  accuracy  with 
which  he  works.  He  should  also  have  an  independent  judgment 
on  the  degree  of  refinement  of  mathematical  processes  required, 
for  approximations  enter  into  the  daily  life  of  the  engineer; 
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but  it  is  not  always  necessary  to  work  for,  say,  the  sixth  decimal 
place. 

The  student's  ability  to  express  himself  in  well-chosen,  terse 
English  should  be  developed.  In  order  to  express  himself  thus 
it  is  necessary  that  he  have  the  subject-matter  of  his  problem 
well  in  hand.  It  will  be  found  that  this  ability  will  also  grow 
only  with  practice.  A  year's  training  in  the  use  of  correct 
expressions  will  do  for  his  English  what  the  requirement  that 
all  of  his  written  work  shall  be  high  grade  will  do  for  his  ability 
to  organize  his  results,  and  both  are  essential. 

But,  it  may  be  argued  that  any  student  should  go  through 
the  process  prescribed  for  the  engineering  student.  Well  and 
good;  certainly  there  can  be  no  objection;  the  only  point  of 
difference  is  that  to  the  engineer  it  will  sooner  or  later  be  a 
matter  of  dollars  and  cents,  to  say  nothing  of  promotions.  Every 
engineer  will  sometime  or  other  be  called  upon  to  use  all  the 
by-products,  and  it  is  our  opinion  that  systematic  training  toward 
the  desired  end  should  begin  early  in  his  course. 

Some  men  have  questioned  whether  or  not  this  aiming  for 
efficiency  might  not  tend  to  destroy  individuality  and  make  the 
students  all  of  the  same  pattern.  To  this  we  might  answer 
that  no  harm  would  be  done,  provided  the  pattern  were  a  good 
one.  This  it  can  easily  be  if  a  high  standard  is  maintained. 
And  such  there  should  be.  Students  will  appreciate  it  and  feel 
a  great  satisfaction  in  doing  well  things  worth  while;  there 
will  be  interest  in  the  work  and  no  one  kept  from  developing 
to  the  extent  of  his  capabilities.  The  stimulus  to  both  student 
and  instructor  is  great;  and,  when  a  course  is  completed,  each 
will  say  to  himself:  "I  have  done  so  much  well,  and  it  has 
been. worth  the  effort.  I  can  see  where  it  leads  to  larger  prob- 
lems in  wider  fields." 
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ICATHSBfATIOS  IN  NOBMAL  SCHOOLS  OF  OEBMANT  AND 

SCOTLAND. 

By  William  A.  Austin, 
State  Normal  School,  La  Crosse,  Wis. 

Mathematics  in  normal  schools  in  many  sections  of  this 
country  is  still  a  problem ;  no  very  satisfactory  solution  has  been 
obtained.  In  connection  with  our  efforts  to  offer  desirable  courses 
in  mathematics  and  to  make  a  wise  selection  of  subject-matter 
to  be  taught  to  prospective  teachers,  a  critical  study  of  the  work 
outlined  in  this  subject  for  the  normal  schools  of  Germany  and 
of  Scotland  may  yield  many  valuable  suggestions.  It  is  not 
difficult  to  discover  pedagogical  principles  and  methods  inter- 
woven with  logical  organization  of  subject-matter  in  the  scheme 
of  either  country. 

The  German  normal  schools  have  a  five  year  course.  The 
first  three  years  of  this  course  consist  in  an  elementary  or 
preparatory  course.  Students  who  have  completed  the  work  of 
the  elementary  schools  in  a  satisfactory  manner  and  who  desire 
to  become  teachers  enter  this  preparatory  course.  There  is 
very  little  break  between  the  work  of  this  three  years'  course 
and  the  final  two  years'  work.  A  large  per  cent  of  the  students 
remain  in  school  continually  throughout  the  five  years,  and  many 
of  them  live  in  a  dormitory  connected  with  the  school.  The  unit 
of  work  is  the  hour.  School  is  in  session  six  days  per  week, 
and  a  few  recitations  are  conducted  in  the  evening.  A  week's 
work  consists  of  twenty-five  to  thirty  hours. 

The  annual  report  of  the  Kai^erslautern  Normal  School  of 
Kaiserslautern,  Germany,  is  before  me ;  and  the  following  trans- 
lation of  the  work  outlined  for  arithmetic  and  mathematics  in  it  is 
given  in  some  detail : 

ABITHMETIO  AND  MATHEMATICS. 

Tirrt  Tear.     (Four  honrg  i>er  week  throughout  the  year.) 

Arlthmetie:  Number,  decimal  lystem  of  writing  numbers,  Roman  notation, 
prime  and  oompoaite  numoeri,  factors,  factoring,  drill  in  composite  numbers  from 
1  to  1,000,  highest  common  factor,  least  common  multiple,  tne  four  fundamental 
operations,  weights,  measures,  money,  time,  resolution  and  reduction  of  denominate 
numbers,  common  fractions  and  the  decimal  system  of  writing  decimal  fractions. 
Second  Tear.     (Four  hours  per  week  throughout  the  year.) 

Arltbmetle:      Common  fractions,   decimal  fractions,   short-cut  methods  for  the 
fundamental  operations,  ratio  and  proportion,  percentage,  gain  and  loss,  commission, 
interest,  notes. 
Third  year.     (Four  hours  per  week  throughout  the  year.) 

Azltlunetle:     Aliquot  parts  and  problems  of  review. 

Algebra:     The  four  fundamental  operations  with  whole  numbers  and  fractions 
and  the  solution  of  simple  equations. 
Fourth  Tear.     (Three  hours  per  week  throughout  the  year.) 

AJ^obra:     Equations  of  the  first  degree  with  one  and  two  unknowns;  positive. 
Integral  powers  and  roots;  quadratic  equations;  problems  for  algebraic  solution. 
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C^eometry:      Problemg    of    geometric    eonitraction ;    moit   iiniK>rtant    theorems; 
fundamental    notions    of    angles,    parallel    lines,    congmency    of    triangles,    cireleSr 
equality  and  areas  of  plane  figures. 
Fifth  Year.      (Three  hours  per  week  throughout  the  year.) 

Algebra:  Ratio  and  proportion,  powers  and  roots,  imaginary  and  complex, 
numbers,  surrey  of  the  deTelopment  of  numbers,  solution  of  algebraic  review 
problems. 

Plane  C^eometry:  Similarity  of  plane  figures,  theory  of  the  circle,  regular 
figures,  problems. 

SoUd  Oeomatry:  Important  theorems  on  relative  positions  of  planes;  general 
properties  of  prisms,  pyramids,  cylinders,  cones,  and  spheres;  computation  of 
surface,  area,  and  volume  of  the  cube,  prism,  pyramid,  cylinder,  cone,  and  sphere; 
problems. 

It  is  interesting  to  observe  that  mathematics  in  some  form 
is  taught  each  year  of  the  five  years ;  that  arithmetic  is  the  main 
line  of  study  during  the  first  three  years;  that  algebra  is  pre- 
sented during  the  third,  fourth,  and  fifth  years ;  and  that  geometry 
is  spread  over  two  years'  time.  Notice  the  opportunity  for 
gradual,  well-graded,  and  certain  growth  in  mathematical  knowl- 
edge, in  power  of  thought  and  coordination,  and  in  strength  to 
use  information. 

There  are  two  distinct  courses  of  study  for  the  training  of 
teachers  provided  in  the  Scottish  educational  ladder,  the  Junior 
Training  Course  and  the  Teachers'  Training  Course.  The  Junior 
Training  Course,  consisting  of  three  years'  work,  is  given  by 
over  one  hundred  and  twenty  schools  of  the  higher  grade  type. 
Students  enter  this  training  at  the  age  of  fifteen  years,  after 
completing  a  three  year  course  in  the  higher  grade  classes.  The 
Teachers'  Training  College  offers  a  two  year  course  of  study 
for  students  in  full  training  to  graduates  of  the  Junior  Training 
Course,  and  of  the  sixth  year  course  given  by  the  higher  grade 
schools.  There  are  four  of  these  schools  for  teachers  in  full 
training;  each  is  connected  with  one  of  the  large  universities, 
so  that  students  who  are  taking  this  two  year  training  may 
pursue  work  in  university  classes  at  the  same  time.  "Thus  the 
academic  narrowness  that  is  a  danger  in  independent  normal 
schools  has  been  avoided." 

From  a  "Syllabus  of  Work"  given  to  Junior  students  in  the 
Boroughmuir  Higher  Grade  School  and  Junior  Training  Center 
of  Edinburgh,  Scotland,  the  following  copy  of  the  outline  in 
mathematics  is  taken.  This  work  is  accomplished  in  seven  recita- 
tions per  week  throughout  the  three  years  of  the  course : 

^        _  MATHEMATICS. 

First  Tear. 

1.  Arithmetic:  Including  practice,  proportion,  percentage,  square  root,  simple 
interest,  the  metric  system,  vulgar  and  decimal  fractions. 

2.  Algebra:  Including  fractions,  factors,  square  root,  equations  of  the 
first  degree,  simultaneous  equations  of  the  first  degree,  easy  quadratic  equations, 
easy  quadratic  surds,  problems  leading  to  the  above. 

3.  Geometry:  The  subject-matter  of  Euclid,  Books  I,  II,  III,  and  IV,  with 
«asy  deductions. 
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4.     Trigonometry:     Meaturement  of  angles,  circular  mefteure  of  anglei,  trigo- 
nometric ratloe,  easy  identities,  problems  in  heights  and  distance,  solution  of  easy 
equations. 
Seoond  Teftr. 

1.  Arithmetic:     Aa  in  first  year  with  comi>ound  interest  and  logarithms. 

2.  Algebra:     As  in  first  year  with  quadratic  equations,  surds,  indices,  cyclical 
order,  symmetric  functions,  etc. 

8.     Geometry:     The  snbject-matter  of  Euclid,  Books  II,  IV.  and  VI. 
4.     Trigonometrv:     Ratios  of  angles  of  any  magnitude,  yariation  of  functions. 
napha,  the  triangle  zormnls,  solution  of  simple  triangles. 

1.  Arithmetic:  The  whole  subject.     A  review. 

2.  Algebra:  As  in  second  year  with  ratio,  progressions,  and  proportion. 

8.     Geometry:      As    in   previous   years   together    with    the    elements   of    solid 
geometry. 

4.     Trigonometry:  To  solution  of  triangles. 

One  of  the  four  schools  for  teachers  in  full  training  is  located 
at  Glasgow,  Scotland.  This  training  college  provides  the  two 
year  course  and  permits  students  to  enter  class  work  in  the 
University  of  Glasgow.  The  Glasgow  Provincial  Committee 
for  the  Training  of  Teachers  governs  the  school  and  plans  the 
courses  of  study.  From  their  "Syllabus  of  Subjects,"  which 
is  before  me,  the  main  points  of  the  outline  of  work  in  mathe- 
matics (and  methods),  which  is  too  long  to  copy,  is  given  below. 
This  material  is  covered  in  three  recitations  per  week  during 
the  first  year  and  one  period  per  week  during  the  second  year. 
This  course  for  teachers  in  full  training  corresponds  favorably 
to  our  two  year  courses  for  high  school  graduates. 

Mathematics  (and  Methods). 

The  course  is  intended  to  be,  at  every  point,  suggestive  to 
teachers.  The  methods  of  presenting  the  subject  are  precisely 
those  the  student  teacher  is  advised  to  use  himself.  The  princi- 
ples of  arithmetic  are  carefully  and  fully  discussed.  Demonstra- 
tion lessons  are  given  frequently.  Emphasis  is  laid  on  mental 
arithmetic,  on  the  importance  of  making  mentally  a  rough  fore- 
cast of  the  result,  and  on  checking  the  answer. 

Some  of  the  topics  are :  numeration  and  notation ;  other  systems 
of  notation  and  exercises  on  scales  of  notation ;  a  scientific  study 
of  the  four  fundamental  operations ;  factoring ;  prime  and  com- 
posite numbers ;  greatest  common  factor ;  least  common  multiple : 
common  and  decimal  fractions;  ratio  and  proportion;  measure- 
ment of  length  and  area ;  squared  paper  used  in  finding  areas : 
areas  on  maps ;  the  planimeter ;  inscribed  and  circumscribed  cir- 
cles; division  of  lines  into  proportional  segments;  the  vernier 
and  its  use;  similar  figures;  use  and  construction  of  scales; 
solution  of  problems  by  drawing  to  scale;  elements  of  solid 
geometry;  the  trigonometric  ratios  of  an  angle;  measurements 
of  heights  and  distances  with  a  simple  theodolite,  the  results 
being  worked  out  by  drawing  and  by   calculation;   the   sun's 
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altitude  by  measurement  of  the  length  of  the  shadow  cast  by 
a  vertical  rod ;  mathematical  tables  and  logarithms  in  calculation ; 
use  of  slide  rule;  algebra  treated  as  generalized  arithmetic; 
graphs ;  interpolation ;  the  gradient  of  a  curve ;  graphical  methods 
of  solving  equations ;  simple  exercises  in  factoring  and  algebraic 
solution  of  certain  types  of  equations. 

In  these  outlines  of  work  taken  from  the  Scotland  normal 
schools  our  interest  is  aroused  by  the  amount  of  time  devoted 
to  the  subject  and  to  the  continuity,  coordination,  and  scientific 
development  of  the  subject-matter.  At  least  two  fundamental 
principles  upon  which  these  courses  of  study  are  based  are 
obvious:  first,  education  is  a  process  of  mental  growth  in  which 
time,  thought,  association,  and  reflection  are  essential  factors; 
second,  there  is  a  natural  unfolding  of  a  subject-group,  in  which 
the  subjects  making  up  that  group  walk  side  by  side,  arm  in  arm, 
-each  aiding  and  supporting  the  others. 

Education,  to  the  Scotchman,  is  an  internal  soaking-in  process. 
They  believe  there  is  such  a  thing  as  the  correct  mastication, 
digestion  and  assimilation  of  educational  food  as  well  as  of 
physical  food.  No  well-defined  boundary  lines  between  subjects 
can  they  see.  The  branches  merge  into  each  other,  overlap, 
and  thus  form  a  network  of  material  for  study.  The  Scotch- 
man cannot  see,  for  example,  where  arithmetic  leaves  oflf  and 
algebra  begins,  where  algebra  leaves  off  and  geometry  begins, 
nor  where  geometry  leaves  off  and  trigonometry  begins.  Their 
plan  of  work  is  based  not  so  much  on  the  spirit  of  tjie  spiral 
method  as  on  what  may  be  called  an  enlarging  concentric  circle 
method.  The  student  teachers  in  these  schools  certainly  receive 
substantial  academic,  scientific,  and  pedagogical  training  in  the 
subject  of  mathematics. 

USES  AND  ABUSES  OF  ''SOHOOL  HELPS''  IN  THE  TEAOHINa 
OF  ABITHMETIO. 

By  A.  Kennedy, 
Weyburn,  Sask, 

There  is  need  of  a  change  in  the  teaching  of  arithmetic;  this 
is  asserted  by  business  men  and  admitted  by  teachers  of  mathe- 
matics at  the  various  conventions;  and  the  need  is  clearly  evi- 
denced by  the  eagerness  with  which  teachers  just  out  of  the 
normal  schools  look  for  help. 
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The  particular  purpose  of  this  discussion  is  to  examine  one 
of  the  sources  where  help  is  frequently  sought.  The  "School 
Help  Series"  includes  a  book  dealing  with  primary  arithmetic 
in  which  we  find : 

"Lesson  i. 

"Distribute  slats  (one  to  each  child).  Let  the  children  'pre- 
tend' to  go  to  sleep.  At  the  call  'Awake/  all  at  once  are  inter- 
ested. 

"  'Who  came  to  see  you  sleeping?' 

"  'A  slat,  a  stick.' 

"  'Hold  slat  in  right  hand.' 

"  'How  many  slats  have  you  in  the  right  hand  ?' 

"  'One  slat.' 

"'Place  on  the  table  one  bean,  one  pebble,  one  slate,  one 
book,'  etc.  *Show  me  one  finger,'  etc.  (object  being  to  accumulate 
instances). 

"Teacher  then  places  figure  i  on  the  blackboard,  the  written 
character  representing  the  idea.  Children  make  it  on  their 
slates.  Tell  them  that  it  represents  one  stick,  one  slat,  one  flag, 
one  top,  one  marble,  etc.  Impress  upon  them  the  fact  that  i 
always  means  one  something,  so  that  they  will  recognize  the 
written  symbol  for  one. 

"N.  B. — Form  of  figures  might  be  made  interesting  by  compar- 
ing them  to  different  objects;  'i*  stands  straight  like  a  good 
soldier." 

Are  the  children  interested  at  the  call  "Awake"?  Is  it  not 
an  insult  to  the  intelligence  of  any  child  to  teach  him  the  thought 
*'one"?  Why  should  there  be  the  "object  to  accumulate  in- 
stances"? Is  the  object  not  the  teaching  of  the  thought  "one" 
rather  than  the  calling  attention  to  the  objects  ? 

Does  "i"  represent  one  stick,  or  one  slat,  or  one  flag? 

"Lesson  2. 

"As  before,  give  another  slat  to  each  child. 

"Hold  first  slat  in  right  hand. 

"  'How  many  in  right  hand?'    'One.' 

"Hold  second  slat  in  left  hand. 

"'How  many  in  left  hand?'    'One.' 

"Transfer  left  hand  slat  to  right  hand. 

"  'How  many  ones  in  right  hand  ?'    'Two  ones.' 

"  'We  call  the  two  ones  by  the  name  "two."  ' 

"Show  the  form  '2'  (like  a  little  duck  in  the  water). 

"Let  the  children  make  the  figure  on  their  slates. 
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"Make  them  understand  that  figure  '2'  stands  for  two  some- 
things." 

Are  the  two  somethings  the  duck  and  the  water?  Teach 
the  child  in  this  manner  to-day;  to-morrow  place  "2"  on  the 
blackboard  and  ask  the  pupil  what  it  is.  Will  he  think  of  two 
objects?  I  would  expect  him  to  speak  of  the  little  duck  in 
the  water. 

"Numbers  three  to  five.    Proceed  in  a  similar  way. 

"It  is  important  that  from  the  first  children  should  be  trained 
to  make  correct  forms  of  the  figures.  Perfect  figure  formation 
is  just  as  necessary  as  perfect  letter  formation.  It  is  very  difficult 
for  little  ones  to  make  some  of  the  figures  properly,  as  many 
children  have  a  tendency  to  reverse  the  forms  of  some.  To 
obviate  this  a  little  story  connecting  the  form  of  the  figure 
with  some  object  children  have  seen  will  fix  the  impression 
better ;  for  example : 

"Have  the  children  make  two  apples —  ^ 

"Tom  takes  a  bite  out  of  his —  ) 
"Nell  takes  a  bite  out  of  hers —  ) 

"This  is  how  the  apple  looks— ^ 

**  L  is  a  chair  with  a  perforated  seat. 

"Roy  put  a  darning-needle  through  one  of  the  holes. 

"This  is  the  chair—  L  . 

"This  is  the  knitting  needle — /. 

"The  chair  and  the  knitting-needle  looks  like  this — 4 — ^figure  4. 

"Make  a  row  of  S*s  going  up  the  hill.  They  look  like  fat 
little  boys  holding  jubilee  flags. 

"  '6' — ^an  umbrella  handle.  Curve  must  be  to  the  right  because 
we  want  to  hold  the  umbrella  in  the  right  hand. 

"These  illustrations  are  only  suggestive.  Every  teacher  will 
have  certain  devices  of  her  own.  See  that  every  child  learns 
the  correct  formation  of  the  figures  at  this  stage." 

A  teacher  reported  to  me  that,  in  endeavoring  to  grade  a  new 
pupil,  he  placed  "6"  on  the  blackboard  and  asked  what  it  was. 
"A  pig's  tail." 

The  child  must  think  of  the  number  of  objects  rather  than  of 
the  objects.  An  illustration  given  simply  to  amuse  the  pupils 
usually  takes  the  symbol  too  far  away  from  the  idea  which 
it  is  intended  to  represent. 
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Present  the  work  to  the  child  in  the  manner  advised  above 
to-day;  to-morrow  place  "4"  on  the  blackboard  and  note  what 
it  signifies  to  the  child.  Will  he  think  of  the  number  of  fingersr 
on  his  hand,  or  will  he  recall  the  darning-needle  and  the  chair  ? 

"Make  a  two  roomed  house;  call  the  right-hand  room  the 
units,  and  the  left-hand  room  the  tens.  The  children  have  the 
bundle  in  the  left  hand  and  no  slats  in  the  right,  so  that  they 
will  easily  see  where  to  put  the  tens  and  units.  They  have  one 
bundle  in  the  left  hand,  so  we  place  'i'  in  the  left-hand  room, 
no  slats  in  the  right  and  so  we  place  *o'  in  the  right-hand  room. 

"'We  will  put  our  little  bundles  in  the  second  room,  called 
the  tens  room;  all  the  single  slats  in  the  first  room  (imits).' 

More  amusement — they  will  want  a  cottage  roof  to-morrow. 

"Draw  two  houses  adjoining  one  another,  each  having  three 
rooms.  Call  attention  to  the  neighbors :  Mrs.  Units,  Mrs.  Thou- 
sands (Mrs.  Millions  later  on). 

"They   live  next  door  to  each  other;  each   has  three  little 
children:   Mrs.  Units — (the  baby)  units, 
(the  tens)  of  units, 
the  hundreds  of  units. 
Mrs.  Thousands — (the  baby)  thousands, 
(the  tens)  of  thousands, 
the  hundreds  of  thousands. 

"Refer  to  children's  names,  their  Christian  names  and  sur- 
names.*' 

Quite  correct,  but  the  outline  would  lead  one  to  expect,  "Keep* 
the  child  simple." 

Arithmetic  contributes  to  the  intellectual  training  and  discipline 
and  has  a  distinct  practical  value.     A  clear  line  of  distinction 
should  be  drawn  between  thinking,  clearness  of  reasoning  with 
accuracy  and  reasonable  rapidity  on  the  one  hand,  and  oral  and 
written  expression,  with  the  simplicity,  clearness,  sequence,  unity, 
and  neatness  in  paragraph  form  on  the  other.    Systematic  drills, 
intensive  rather  than  extensive,  on  the  facts  of  addition,  subtrac- 
tion, multiplication,  and  division,  aiming  at  accuracy  with  reason- 
able rapidity,  should  be  given.    Instead  of  focusing  the  attention 
on  the  result  by  asking  for  a  certain  answer  the  attention  should 
be  focused  on  the  thinking  and  the  conclusions,  by  simply  stating : 
the  facts  and  leaving  the  pupil  to  do  some  independent  work. 
Qearer  thinking  and  greater  power  will  result  and  we  can  then  • 
hope   for   clearer  and   more   logical   expression.     Special   care* 
and  attention  are  due  the  primary  or  foundation  work. 
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PHT8I0AL  GEOa&APHT  IN  THE  HIGH  SCHOOL. 

By  E.  E.  Ramsey, 
Bloomington,  Ind. 

(Continued  from  January  issue,) 

Question  26.    Give  a  list  of  them. 

The  list  of  experiments  given  lacked,  because  of  lack  of  space, 
the  element  of  sequence,  but  are  nevertheless  very  suggestive. 
From  the  side  of  chemistry,  the  experiments  group  around  the 
atmospheric  gases  mainly.  The  preparation  and  properties  of 
oxygen  (2),  of  carbon  dioxide  (16),  of  nitrogen  (12),  and  of 
hydrogen  (3),  constitute  this  list.  Another  group  of  chemical 
experiments  is  given  for  rocks  and  the  various  forces  and  forms 
of  weathering.  These  are  tests  for  rocks  and  are  used  by  six; 
chemical  weathering  and  cavern  formation,  illustrated  by  the 
solution  of  limestones  by  a»  ^s — ^  ^.  ochloric  and  carbonic  are 
both  suggested — ^are  mentic  » ^  »ie  same  number.    Tests  for 

Siard  and  soft  water  are  listed       two. 

The  physical  experiments  are  more  complete  and  are  more 
llargely  upon  the  meteorological  side.  The  weight  and  pressure 
•of  the  air  is  given  by  nine  lists  and  fourteen  lists  speak  of  the 
wConstruction  of  a  simple  form  of  barometer  and  some  demon- 
stration of  its  use  and  action.  Moisture  of  the  atmosphere,  rel- 
ative humidity,  the  instrument  for  its  determination  and  the 
'^hygrometer  are  the  basis  for  experiments  in  nine  schools.  Four- 
teen schools  use  a  series  of  experiments  closely  allied  to  the 
•above  group;  these  are  evaporation  as  a  cooling  process  (7), 
and  dew  point  (7).    Condensation  is  mentioned  by  two.- 

It  is  rather  noticeable  that  mention  of  the  thermometer,  either 
its  construction  or  its  use,  is  omitted.  Practically,  the  mercurial 
thermometer  can  hardly  be  constructed  in  the  average  laboratory, 
»but  it  should  receive  definite  attention  at  least.  The  "air"  ther- 
mometer can  be  constructed  and  illustrates  the  essential  principle 
.  of  both  action  and  use. 

The  important  subject  of  heat  and  its  effects  aside  from  its 
^ study  in  thermometry  is  mentioned  by  15  reports;  four  others 
.•give  some  experiments  of  conduction  in  gases,  liquids  and  solids. 
'  Work  of  this  kind  which  will  illustrate  the  formation  of  convec- 
tion currents  in  the  air  is  within  the  grasp  of  high  school  stu- 
dents. The  supposed  cause  of  the  geyser  may  be  illustrated 
^mder  heat  phenomena  (3).  The  Helior  experiment  (i),  the 
delta  table  (i),  the  clinometer  (i)  and  an  experiment  on  strati- 
fication ;(:i))  .are  given. 


Digitized  by  LjOOQIC 


PHYSICAL  GEOGRAPHY  115 

Some  work  upon  light,  mainly  based  upon  prismatic  analysis, 
is  offered  in  seven  schools.  A  few  schools  other  than  those  giv* 
ing  no  chemical  and  physical  experiments,  do  not  report. 

Question  27.     How  much  work  on  meteorology  do  you  do?" 

The  question  is  a  repetition  of  a  previous  one  and  the  results- 
are  the  same.  On  the  average  somewhat  more  than  six  an* 
one-half  weeks  are  given  to  the  subject. 

Question  28.  Does  meteorology  possess  any  advantages  over 
the  other  phases  of  physical  geography  as  a  high  school  subject? 
If  so,  what  ? 

The  canvass  of  the  opinions  on  the  first  part  of  the  question 
are:  seven  do  not  answer;  seventeen  feel  that  there  are  no  ad- 
vantages in  meteorology ;  while  thirtv-nine  answer  in  the  affirm- 
ative. Under  the  second  part  of  ^  question,  the  largest  nimi- 
ber  of  votes  is  given  to  the  pY'»  .^:if  character  of  meteorology 
(9).  The  ease  of  observation  (/ j  and  the  interest  that  students 
manifest  in  the  subject  (7)  come  next.  Another  answer, 
"Knowledge  of  the  weather  is  of  great  importance  and  can  only 
be  gotten  in  physical  geography,  ^hile  some  of  its  other  phases, 
such  as  plant  and  animal  geography  and  the  geography  of  man, 
can  be  acquired  in  biology,"  can  be  credited  to  the  practical 
character.  Qoseness  and  consequent  reality  of  the  subject  (4), 
always  at  hand,  first  hand  study  (i),  facilities  usually  present 
(i),  more  self-evident  to  the  average  pupil  (i),  intimate  way 
in  which  the  weather  affects  one  (i),  thoroughly  concrete  (2), 
more  tangible  (i),  are  answers  all  of  which  have,  among  other 
ideas,  the  idea  of  actual  contact  so  necessary  with  the  thing 
studied  in  science  and  so  easily  reached  in  meteorology. 

Another  set  of  answers  naturally  group  themselves  around  the 
laboratory  phase  of  the  subject.  The  actual  experience  of  the 
students  can  be  used  (3)  ;  it  is  a  better  laboratory  subject  (2)  ; 
observations  are  readily  made  (7)  ;  observations  are  very  readily 
checked  (i)  ;  it  makes  laboratory  work  necessary  (2)  ;  and  the 
apparatus  required  is  more  simple  and  interesting  (2)  ;  the  ex- 
periments needed  are  simple  and  interesting  (i).  Most  of  our 
knowledge  comes  as  second-hand  material.  One  teacher  empha- ' 
sizes  the  value  of  meteorology  because  of  the  directness  of  knowl- 
edge obtainable.  The  rapidity  of  change  in  weather  conditions 
(i)  makes  it  possible  for  the  student  to  follow  out  in  a  relatively 
short  time  a  fairly  complete  cycle  of  weather.  In  no  other  phase 
of  geography  and  no  phase  of  biology  can  this  be  done  with  equal' 
facility. 
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The  ease  with  which  field  work  may  be  done  in  meteorology 
(7)  is  one  of  its  most  commendable  features.  The  schoolyard, 
or  even  the  windows  of  the  schoolroom,  is  the  field.  Observa- 
tions may  be  taken  three  times  per  day  without  taking  time  from 
other  work.  Every  student  can  be  doing  some  or  all  phases  of 
the  work.  Data  thus  collected  furnish  an  abundance  of  material 
for  laboratory  work,  although  all  the  work  done  should  not  be 
based  on  these  observations  for  the  reason  that  they  are  local 
in  character.  But  the  uniformity  of  plan  in  making  observations 
renders  the  necessary  use  of  data  from  other  places  not  objection- 
able. 

The  bearing  that  this  subject  has  on  the  humanistic  side  of 
geography,  while  not  yet  worked  out  to  specific  truths  in  all  cases, 
is  so  well  recognized  that  this  argues  in  its  behalf.  Any  study  of 
animal  and  plant  geography  or  of  the  geography  of  man  recog- 
nizes the  fundamental  character  of  climate  as  an  element  of 
environment.  It  is  upon  climate  that  many  of  the  forms  treated 
of  in  physiography  are  dependent.  The  forces  of  weathering 
arc  mainly  those  which  depend  either  directly  or  indirectly  on 
cjltmate ;  rivers  and  river  action  have  the  same  dependence ;  lakes, 
and  seas,  owe  their  existence  or  their  extinction  partially 
to  climatic  changes ;  it  is  certain  that  the  profound  changes  pro- 
duced by  the  glacial  age  were  preceded  by  marked  changes  in 
climate  as  one  direct  cause  and  that  climate  has  determined  the 
rate  of  development  and  the  direction  of  development  along:  all 
lines  in  the- glaciated  areas,  subsequent  to  the  close  of  this  age; 
the  ecological  factors  surrounding  plant,  animal,  and  man  are 
very  largely  climatic  in  character.  Of  the  forms  generally  given 
in  geography  courses,  this  leaves  only  the  origin  of  mountains, 
the  origin  of  vulcanism,  and  tides  as  the  ones  not  intimately 
related  to  climate.  Then,  too,  the  study  of  the  genesis  of  moun- 
tains and  of  vulcanic  forces  is  of  doubtful  value  and  position  in 
physiography.  It  seems  clear  that  meteorology  is  in  reality  basal 
for  physiography  proper.  So  whether  one  considers  the  direct 
or  the  indirect  effect  of  climate  on  man,  the  problem  resolves 
itself  into  one  of  basic  contact  with  man.  One  teacher  evidently 
fias  this  idea  in  mind  in  saying  that  a  knowledge  of  meteorology 
reduces  living  to  a  more  scientific  basis. 

Now  in  addition  to  the  availability  of  laboratory  data,  the 
availability  of  charts,  weather  maps,  articles  on  weather  and  its 
various  phases,  should  all  commend  themselves  to  schools  as 
added  reasons  for  incorporating  this  study  in  the  course. 
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The  list  of  questions  to  college,  normal  school  and  uni- 
versity TEACHERS  OF  PHYSICAL  GEOGRAPHY  IS  GIVEN  BELOW: 

Question  i.  Is  physical  geograi^y  adapted  to  high  school 
work? 

The  answers  from  21  papers  are  stated  in  the  following  ways : 
no,  I ;  yes,  17 ;  decidedly  so,  i ;  can  be,  i ;  excellently,  i ;  pre- 
eminently so,  I.  This  makes  a  total  of  18  who  are  unqualifiedly 
in  favor  of  the  subject.  "If  but  one  science  can  be  studied 
this  serves  better  than  any  other  to  give  a  kind  of  general  intro- 
duction to  nature,  taking  up  such  phenomena  as  will  be  met  with 
most  frequently  in  life  and  consequently  bringing  school  work 
into  closer  relations  with  after  Kfe  than  any  other  single  science. 
This  implies,  of  course,  that  its  subject  matter  shall  be  properly 
selected  and  wisely  taught." 

Question  2.  Rank  it  with  zoology,  botany,  physics,  and  chem- 
istry in  point  of  adaptability. 

Six  state  that  geography  is  just  as  good  as  any  of  the  four 
sciences  mentioned,  three  say  that  it  is  superior  to  any  as  a 
freshman  science ;  three  feel  that  it  is  the  equal  of  the  biological 
sciences  and  superior  to  the  physical  sciences;  one  has  the  op- 
posite opinion ;  two  think  it  better  than  the  others ;  one  does  not 
know;  two  do  not  answer;  one  states  that  it  is  inferior  for 
scientific  training  because  of  difficulty  of  field  work;  one  puts 
it  that  its  value  depends  largely  on  the  teacher.  This  statement 
does  not  answer  the  question  inasmuch  as  the  ranking  is  based 
upon  teacher  and  not  subject,  and  subject  matter.  Only  one 
marks  the  subject  down  badly.  This  is  done  largely  because  of 
the  impossibility  of  doing  adequate  field  work.  He  evaluates 
zoology  at  100%,  botany  at  90%,  physics  and  chemistry  at  80%, 
and  physiography  at  20%. 

Question  3.  Where  would  you  have  it  placed  in  the  secondary 
course  of  study? 

The  elements  of  the  subject  should  be  taught  In  the  grammar 
school;  the  subject  may  be  early  in  the  high  school  course  if 
either  commercial  or  rational  gec^raphy  follows  (i).  Geography 
can  be  given  profitably  in  either  year  (i).  One  would  like  a 
divided  course,  the  parts  coming  in  the  freshman  and  the  senior 
years  (i).  Physics  and  chemistry  should  precede  it  (i);  an- 
other prefers  to  have  elementary  physics  precede  or  go  hand 
in  hand  with  it.  One  favors  senior  work  and  twelve  state  that 
the  freshman  year  is  the  better  place  in  their  judgment — just  as 
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in  the  high  school  answers  the  freshman  year  leads  all  other 
years  singly  or  combined. 

Question  4.    Give  your  reasons  for  this  selection. 

The  value  that  geography  has  as  a  generalized,  introductory 
science  is  the  strongest  recommendation  for  having  it  placed  in 
the  freshman  year  (6).  It  is  a  sequel  to  and  a  fairly  direct 
continuation  of  geography  (4).  Geography  is  a  broad  subject 
of  general  interest  (3)  and  therefore  should  be  studied  early 
and  by  many  (2).  It  bears  a  close  relation  to  the  phenomena 
habitually  observed  on  every  hand  (3).  Probably  other  sciences 
deal  with  as  great  a  niunber  of  phenomena,  but  these  are  not 
so  evident  or  so  readily  seen.  Its  range  and  ease  commend  it 
as  the  first  science  (i).  It  is  adapted  to  boys  and  girls  of  begin- 
ning high  school  age  (i).  Because  of  the  fact  that  so  many 
quit  high  school  early  in  the  course  (i)  and  because  it  is  so 
adaptable  (i)  make  it  easily  the  best  science  to  give  in  the  first 
year's  work.  It  opens  the  eyes  of  young  students  as  a  descrip- 
tive subject  (i).  Another  favors  a  position  in  the  freshman  or 
sophomore  year,  because  of  the  mathematical  character  of  the 
physical  sciences. 

Two  answers  are  quoted  in  full:  (a)  "The  reason  why  physi- 
cal geography  should  be  put  as  early  as  possible  lies  in  its  nature 
as  an  appropriate  introduction  to  the  natural  sciences  and  its 
close  relations  with  phenomena  habitually  observed.  The  reason 
for  putting  in  an  advanced  course  consists  first  in  the  fact  that 
geography  study  has  been  "dead  at  the  top."  Neither  pupils  nor 
teachers  know  that  the  subject  leads  to  anything  else  or  has  any 
other  place  in  the  world  outside  the  class  room.  The  second 
reason  is  that  good  teachers  of  geography  cannot  be  obtained 
so  long  as  the  subject  occupies  only  a  small  fraction  of  their  time. 
There  should  be  enough  geography  work  in  the  schools  so  that 
it  would  pay  a  young  man  to  train  himself  for  that  work  pri- 
marily. Physics  and  biology  have  realized  this  ideal  in  many 
high  schools."  The  author  of  this  statement  favors  the  divided 
course  as  pointed  out  in  the  answers  to  question  3.  (b)  "Before 
the  student  specializes  in  science,  he  should  acquire  the  proper 
perspective,  that  is,  a  general  outlook  over  nature.  He  should 
be  given  an  elementary  conception  of  chemical,  physical,  and 
biological  phenomena  as  they  are  illustrated  in  the  interaction 
of  the  earth,  water,  and  air  and  living  things.  This  can  be  given 
only  by  geography." 
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This  summarizes  the  statements  of  those  favoring  first  year 
work.  One  report  believes  chemistry  to  be  the  basal  science 
and  the  geography  should  therefore  follow  it  as  a  junior  or 
senior  subject.  The  paper  favoring  the  removal  of  the  subject 
from  the  secondary  curriculum  states  as  the  reason  that  it  is  a 
subject  requiring  a  wide  range  of  observation  and  maturity  of 
mind.  The  difficulty  that  this  teacher  seems  to  be  in  is  mainly 
the  fact  that  a  lifework  in  geography  and  geology  gives  him  a 
mountain  top  view  of  the  subject.  Exactly  the  same  argument 
can  be  used  on  every  subject  in  the  high  school  curriculum. 

Question  5.  Should  the  geocentric  or  the  anthropocentric 
viewpoint  be  emphasized? 

The  largest  number  giving  one  answer  (8)  state  that  both 
phases  should  be  coordinated.  Six  favor  the  emphasis  on  the 
anthropocentric,  while  five  give  the  geocentric  the  preference. 
The  human  side  should  be  incidental  (i),  anthropocentric  ge- 
ography should  be  emphasized  in  the  latter  part  of  the  course  (2). 
Another  states  that  he  does  not  know  but  that  he  considers  the 
distribution  of  man  very  important.  One  teacher  in  a  state 
university  in  the  middle  west  makes  this  comment:  "The 
geography  courses  stand  too  much  for  the  so-called  cultural 
development.  Certainly  it  is  time  for  such  modification  as  will 
bring  about  a  closer  relation  between  physical  geography,  agri- 
culture, botany,  history,  and  industrial  geography.  There  is  a 
strong  demand  for  physical  geography  of  this  kind,  especially  so 
in  agricultural  communities.  This  means,  of  course,  that  the 
physiography  of  the  land  should  receive  the  principal  emphasis. 
The  atmosphere  should  come  in  as  a  strong  second."  A  normal 
school  teacher  says:  "Earth  conditions  should  receive  largest 
treatment,  but  their  influence  on  plants,  animals,  and  men  should 
receive  much  more  complete  treatment  than  in  our  text-books. 
I  would  largely  exclude  from  the  text-books  facts  that  do  not 
have  an  anthropogeographic  significance." 

Question  6.  What  value  does  physical  geography  have  as  a 
high  school  subject? 

After  one  has  read  the  list  of  answers  to  this  question  the 
values  of  geography  will  be  much  more  clearly  defined  than  ever 
before.  Some  of  the  answers  will  be  quoted :  (a)  "As  a  descrip- 
tive stydy,  it  opens  the  eyes  of  the  pupils  and  exercises  them. 
As  an  application  of  physics,  chemistry,  and  biology,  it  trains 
to  a  logical  adjustment  of  principles."  (b)  "If  properly  taught, 
it  gives  desirable  information  needed  by  men.    It  interests  people 
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in  the  earth  on  which  they  live  and  leads  to  future  acquisition. 
It  trains  observation  some  and  the  reasoning  powers  more.  It 
broadens."  Many  of  the  papers  use  the  first  restricting  clause, 
"if  properly  taught."  But  this  is  not  peculiar  to  the  subject 
itself,  but  manifestly  to  the  teaching.  Five  others  consider  it 
a  most  valuable  informational  subject.  The  element  of  interest 
is  brought  out  by  four.  Training  the  observational  powers  is 
emphatically  given  in  six  reports  and  the  training  of  the  reason- 
ing powers  in  seven.  These  two  should  not  be  considered  differ- 
ent and  distinct  mental  acts,  but  the  reasoning  is  the  result  com- 
pelled by  observation  in  well-directed  work.  Other  reports  (6) 
state  what  is  essentially  the  same  thing  in  these  words:  "Ge- 
ography induces  reasoning  from  cause  to  effect."  Two  more 
general  terms  are  given,  but  this  cause-effect  and  effect-cause 
reasoning  is  one  of  the  elements  in  them  at  least.  "Disciplinary 
value"  is  given  by  four  and  the  value  is  designated  as  educational 
by  two  others.  The  total  niunbcr  of  reports  touching  upon  these 
very  closely  related  phases  is  i8.    It  broadens  and  liberalizes  (2). 

(c)  "It  affords  a  broad  basis  for  thought  upon  phenomena 
that  will  surround  the  individual  for  life  and  thus  tend  to  stimu- 
late mental  activity  perhaps  every  day,  and  perhaps  a  hundred 
times  a  day;  while  subjects  related  to  objects  or  phenomena  that 
seldom  enter  into  later  daily  life,  unless  it  be  a  life  of  specializing, 
do  not  'carry'  so  far.  Problems  of  the  earth,  air,  winds,  rain, 
etc.,  are  ever  present.  As  a  crude  illustration :  Better  teach  a 
savage  far  out  in  the  Pacific  how  to  make  a  better  fish-hook 
than  to  teach  him  wireless  telegraiJiy !  The  thought  of  the  fish- 
hook is  ever  with  him."  The  first  idea  is  variously  expressed 
in  other  papers.  Four  speak  of  it  as  the  relation  between  physi- 
ography and  environment  of  the  race.  The  same  number  put  it 
in  this  way :  Geography  familiarizes  the  student  with  phenomena 
of  everyday  life.  The  geography  of  relation  is  the  working  of 
another.  Physical  geography  has  more  points  of  contact  with 
life  than  any  other  science  (i). 

(d)  "There  are  few  studies  more  truly  educational  than  is 
physical  geography.  No  other  science  makes  a  stronger  appeal 
to  the  observation  and  through  the  observation  to  the  reason. 
In  physical  geography  the  intelligent  teacher  can  more  easily 
avoid  the  mere  cramming  and  compel  reasoning  than  .in  any 
other  science.  Causes  are  rarely  single  and  simple  forces  co- 
operate to  produce  results.  Data  are  easily  collected  and  ccm- 
clusions  are  most  readily  forced  upon  the  mind."    (e)  "Dealing 
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as  it  does  with  the  pupil's  immediate  natural  surroundings,  it 
opens  his  eyes  (and  mind)  to  the  great  underlying  truths  of 
geological  and  physiographic  science  and  causes  the  earth  to 
take  on  a  new  aspect."  (f )  "Geography  teaches  pupils  to  observe 
their  environment  more  understandingly  than  any  other  of  the 
sciences.  It  furnishes  more  substantial  data  for  reasoning  from 
cause  to  effect  and  from  effect  to  cause  than  any  other  science. 
It  gives  the  best  introduction  to  all  science  work."  The  last 
point  is  brought  out  in  four  other  papers.  "I  know  of  no  scicrtce 
so  useful  as  physical  geography  in  allowing  correlation  of  cause 
and  effect."  (g)  "Geography  shows  the  pupil  his  relation  to 
the  earth.  It  is  broadly  cultural.  The  geographic  viewpoint  is 
more  clearly  elementary  and  naturally  precedes  formal  science. 
It  not  only  forms  the  proper  introduction  to  science  of  the  later 
years,  but  if  the  pupil  goes  no  farther,  it  gives  him  the  best 
possible  training  as  an  introduction  to  the  real  experiences  of 
life."  (h)  "It  is  the  best  subject  in  the  curriculum  to  teacb 
pupils  to  think  straight,  to  see  straight,  and  talk  straight." 

Question  7.  What  proportion  of  time  should  be  spent  in  field 
work,  and  in  recitation  work  ? 

Nine  reports  favor  the  recitation  taking  up  two  thirds  or  more 
of  the  time.  Four  others  favor  one  third  to  one  half  of  the  time 
for  this  work.  On  the  question  of  laboratory  work  and  field  work 
there  is  a  wide  range  of  opinion — so  wide  that  there  arc  few 
combinations  possible.  For  the  laboratory  work  the  answers  vary 
from  one  sixth  of  the  time  up  to  a  "large  amount  of  the  time."' 
Three  place  the  amount  as  large,  while  two  others  suggest  one 
fourth  to  one  third.  One  says  that  the  laboratory  work  should 
take  up  the  least  time. 

The  field  work,  five  say,  should  be  small  in  amount.  Two- 
put  the  laboratory  and  field  work  together  and  would  have  it 
occupy  one  half  of  the  time.  It  should  be  sufficient  in  amount 
to  master  local  conditions  (2).  Field  work  depends  on  the 
teacher  and  the  locality  (5).  Others  answer  from  five  half  days 
to  "most  of.  it." 

Question  8.    What  should  be  the  character  of  the  field  work? 

The  general  character  of  field  work  depends  upon  the  character 
of  the  k)cal  field.  What  would  be  good  field  work  for  one  field 
would  not  be  good  field  work  in  another  region.  If  such  work 
has  definite  values,  however,  the  methods  in  the  work,  the  mental 
ends,  and  the  informational  ends  to  be  sought  can  hardly  rary 
so  widely  as  the  fields.    The  first  consideration  given  is  to  haVe 
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the  work  adapted  to  the  local  field  (5).  The  physiographic 
forms  and  phenomena  as  shown  hear  the  school  (10)  furnish 
the  subject  matter.  This  statement  implies  adaptation  to  local 
xronditions,  thus  making  15  answers  that  emphasize  this  point. 
Written  reports  (2)  or  laboratory  work  (i)  should  supplement 
outdoor  work.  The  suggestion  that  the  students  should  be  trained 
in  drawing  logical  conclusions  from  their  observations  (3)  is 
as  vital  as  setting  the  keystone  in  an  arch.  Habituating  the 
student  to  seeing  common  things  (2)  is  another  characteristic. 
The  human  response  to  environment  as  seen  in  local  industries, 
-railroads,  etc.,  make  a  fruitful  phase  of  field  work  (2).  One 
Tcport  has  a  very  suggestive  negative  included :  "Field  work  is 
•not  haphazard  journeying."  Another  says  that  it  should  not 
include  topics  the  teacher  does  not  understand. 

Question  9.  What  should  be  the  character  of  the  laboratory 
^ork? 

The  study  of  maps  (6)  and  models  (4)  leads  the  list  of  sug- 
gestions. Sand  table  work  (2) ;  rocks,  minerals,  and  soils  (3) ; 
weather  and  climate  (2)  ;  the  use  of  weather  instruments  (i) ; 
notebooks  (3)  ;  and  demonstration  work  in  related  sciences,  which 
will  throw  light  on  physical  geography  (2),  constitute  the  next 
most  frequent  suggestions.  The  physiography  of  the  locality 
first  and  the  physiography  of  the  United  States  next  should  form 
the  basis  for  laboratory  work  (i).  Laboratory  work  should  be 
of  such  a  character  that  it  will  supplement  defects  of  the  local 
field  (i).  From  the  mental  standpoint,  these  suggestions  are 
made:  Laboratory  work  should  furnish  concrete  mental  ma- 
terial ;  it  should  be  inductive  in  character ;  much  time  should  be 
given  to  thoughtful  interpretation  (i).  A  phase  of  this  work 
that  needs  more  definite  attention  paid  it  is  the  human  response  to 
and  human  dependence  upon  topography,  physiographic  forces, 
and  weather  and  climate.  One  answer  is  partially  thrown  in  a 
.negative  way:  "It  should  not  be  optics,  physics,  or  chemistry. 
"Anything  which  illustrates  (i)  new  principles  or  (2)  enforces 
•or  emphasizes  those  principles  the  pupil  is  familiar  with"  consti- 
tute the  general  basis  for  laboratory  work  ( i ) . 

Question  10.  What  is  a  fair  apportionment  of  time  among  the 
various  topics  in  physical  geography? 

•Question  11.    How  extensively  may  one  go  into  the  study  of 
^Bcteorology? 
,  The  ocean  as  a  separate  topic  should  receive  about  one  month; 
water,  including  oceans,  lakes,  and  rivers,  is  given  one  third  of 
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the  time;  the  earth  as  a  planet  receives  about  one  month;  the 
land  is  given  four  -months;  man  and  life  conditions  averages- 
about  one  month ;  two  suggest,  however,  that  this  should  not  be 
a  separate  topic,  but  should  be  given  whenever  a  point  of  contact 
occurs.  Meteorology  is  given  nearly  three  months'  time.  The 
total  time  allotted  does  not  aggregate  nine  months,  because  not 
all  of  the  topics  were  covered  in  all  reports.  These  questions 
have  been  put  in  this  form,  not  for  the  purpose  of  having  fixed 
standards  of  time  set  for  each,  but  for  the  purpose  of  securing 
an  evaluation  of  the  various  general  topics  in  the  subject. 

Question  12.  To  what  extent  should  models  and  intricate 
apparatus  be  used  in  demonstration  work  ? 

As  to  models,  seven  state  that  they  favor  a  wide  use  of  good 
ones,  while  the  same  number  would  make  but  little  use  of  them. 
Maps  are  frequently  mentioned  and  lantern  slides  once.  There 
is  unanimous  objection  to  intricate  apparatus,  but  all  favor  the 
use  of  simple  forms.  It  is  pointed  out  that  the  intricate  forms 
appeal  to  the  student  for  the  sake  of  the  apparatus  alone  and  not 
for  the  sake  of  the  results.  Models  are  too  expensive  to  reach 
any  wide  use  in  the  average  school. 

Question  13.  Should  chemical  and  physical  experiments  be 
given  as  demonstration  work  for  their  physiographic  bearing? 

One  paper  states  emphatically  no.  Four  think  that  such  work 
is  not  valuable  in  general.  The  same  number  favor  a  limited 
use,  except  in  meteorological  work,  where  they  may  be  used 
most  advantageously.  One  favors  a  large  use  of  such  wofk.  "If 
clear  and  helpful  experiments''  can  be  devised,  six  favor  their 
use.  Four  others  insist  that  the  experiments  must  have  a  definite 
physiographic  bearing.  An  extreme  and  very  questionable  posi- 
tion is  taken  by  one  teacher  who  says  that  when  a  student  does- 
not  know  the  effect  of  heat,  for  instance,  upon  any  material  .with 
respect  to  the  volume  of  that  material,  tell  him  the  facts  in  the 
case. 

General  Conclusions. 

(i)  Geography  is  a  basal  science;  it  deals  with  the  larger 
aspects  of  the  earth  and  of  the  physical  control  of  the  life  of 
the  earth,  including  plants,  lower  animals,  and  man.  The  other 
sciences  jire  more  specific ;  they  deal  with  the  minutiae  of  special 
phases  of  geography.  The  Tnew  that  the  subject  presents  is  thus 
one  that  makes  it  basal.  The  method  to  be  employed,  in  accord-- 
ance  with  the  subject  matter,  must  be  of  a  broader  and  less- 
specialized  character  than  that  in  the  other  sciences  recognized? 
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in  secondary  work.  Both  of  these  facts  commend  the  subject 
as  one  particularly  fitted  to  the  stage  of  advancement  of  the 
€reshman  year.  From  the  absence  of  laboratory  work  of  any 
kind  in  the  grammar  grades  to  the  delicate  (comparatively  so,  at 
least)  laboratory  work  in  the  biological  sciences,  is  a  long  step. 
The  geography  furnishes  an  easy  and  natural  transition  to  the 
biological  sciences  and  in  a  measure  to  the  physical  sciences. 
The  failure  of  the  grammar  school  to  give  its  students  any  of 
the  fundamental  facts  of  the  old-fashioned  natural  philosophy 
and  the  presence  of  nature  study  in  its  present  rather  prevalent 
hopscotch  character  render  a  preliminary  science  very  necessary. 

(2)  Geography  must  be  made  a  laboratory  and  field  science 
in  whatever  grade  it  is  taught.  Five  recitations  per  week  upon 
a  text  cannot  constitute  geography.  Here  as  in  other  sciences 
the  imperative  demand  of  the  subject  matter  for  laboratory  prac- 
tice is  one  of  its  most  commendable  qualities.  The  schedule 
should  allot  it  8  or  10  periods  per  week  and  thus  place  it  on  a 
par  with  the  other  secondary  school  sciences.  Some  time  should 
t^  given  to  the  instructor  for  class  work  in  the  field,  the  amount 
to  be  determined  by  the  availability  of  material. 

(3)  Geography  should  be  taught  either  by  an  instructor  of 
jbroad  science  training,  or,  better  still,  by  one  who  has  specific 
straining  in  the  subject.  The  former  condition  is  invaluable, 
Ibttt  such  an  instructor  may  lack  the  field-sense  so  essential  in 
•geography  work.  Such  subjects  as  Latin  and  mathematics  have 
•reached  a  relatively  high  level  of  efficiency,  partially  because 
4rained  teachers  arc  demanded  in  them.  Many  schools  have 
'hsibitually  turned  geography  over  to  any  teacher  whose  schedule 
is  not  entirely  filled.  A  canvass  of  the  answers  to  question  4  of 
the  high  school  questionnaire  makes  the  situation  more  hopeful, 
•however.  Of  59  answering  the  question,  seventeen  have  done 
one  year's  work;  four  have  done  two  and  one  half  years';  one  ' 
»has  done  five  years'  work.  This  leaves  four  who  have  probably 
^taken  a  degree  in  geography  or  geology.     Ten  have  done  less 

I  than  a  year's  work,  while  eleven  have  done  none.  The  point  of 
;prcparation  is  emphasized  by  some  of  the  professors  answering 
the  university  lists  as  being  the  chief  difficulty  with  the  subject 
•Of^e  prominent  university  authority  upon  physiography  and  ge- 
-olpgy  adds  to  his  answers  the  following  pointed  letter,  which 
liears  upon  the  point  under  consideration.  "The  difficulty,  as 
I  see  it,  is  simply  this :  Many  of  the  teachers  of  physiography 
arc  not  prepared  to  do  their  work.    When  as  much  preparation 
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is  required  of  teachers  of  physiography  as  is  required  of  teachers 
of  Latin,  we  shall  have  as  good  results  from  the  study  of  physi- 
ography  as  from  the  study  of  Latin — better,  if  the  subject  is 
better  adapted  to  high  school  uses." 

(4)  Some  time,  probably  as  much  as  one  third  of  the  time, 
should  be  devoted  to  meteorology.  So  much  physiography, 
topography,  industry,  and  even  history  is  conditioned  by  weather 
that  its  treatment  is  fundamental.  It  has  already  been  pointed 
out  that  this  line  of  work  possesses  some  points  of  advantage 
over  other  phases  of  geography.  The  ease  with  which  it  lends 
itself  to  field  work;  and  to  laboratory  work;  the  rapidity  of 
change  enables  one  in  a  short  time  to  demonstrate  an  entire 
cycle  of  weather ;  the  natural  interest  of  people  in  the  weather ; 
its  very  practical  character ;  and  finally  the  fact  that  it  underlies 
so  much  physiography  proper  seems  to  warrant  such  a  recom- 
mendation. 

(5)  An  examination  of  some  of  the  manuals  for  general 
science  and  of  some  of  the  courses  in  that  line  leads  to  this 
recommendation :  Geography  may  take,  in  considerable  measure, 
the  place  of  elementary  science  and  retain  its  integrity  as  a 
science.  At  the  same  time  the  ends  of  the  general  science  are 
met  in  a  peculiarly  favorable  way  in  that  there  is  a  framework 
around  which  the  principles  may  be  clustered.  One  prominent 
university  teacher  of  meteorology  says :  "Meteorology  is  splen- 
didly adapted  for  school  study.  Wherever  the  subject  has  been 
properly  taught,  it  has  interested  the  student"  Professor  Mark 
W.  Jefferson  in  the  State  Normal  College  of  Ypsilanti,  Mich., 
writes  as  follows:^  "The  difficulty  under  present  conditions  of 
making  it  (physiography)  anything  else  (than  a  text  subject) 
gives  me  an  inclining  toward  meteorology.  In  my  own  state  I 
know  by  investigation  that  the  practical  difficulties  in  the  way 
of  field  excursions  mostly  result  in  preventing  them.  *  *  * 
Real  observational  work  with  the  weather  has  no  such  difficulties. 

(6)  Geography  is  in  a  state  of  transition.  It  is  not  many 
years  since  there  came  a  demand  for  the  recognition  of  the  eco- 
logical factors  of  plant  and  animal  (lower  animal)  life  in  botany 
and  zoology.  Exactly  this  transition  is  coming  in  geography. 
The  human  ecology — if  it  may  be  so  called — in  geography  must 
be  brought  out  more  definitely,  thus  making  the  subject  one  of 
practical  import  to  a  student. 

iSchooI  Science  and  MaUiematics:  Jan.  1909. 
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NEEDED   ADJUSTMENTS  BETWEEN   SECONDARY  SCHOOLS 
AND  COLLEGES.' 

By  Otis  W.  Caldwell, 
University  of  Chicago. 

Two  years  ago  fifteen  members  of  the  University  of  Chicago 
faculty  were  asked  to  serve  as  a  curriculum  committee  to  make 
a  careful  investigation  of  the  courses  of  study  in  the  different 
colleges  of  the  university.  This  committee  was  composed  of 
members  from  the  instructional  and  administrative  staffs  of  the 
colleges  of  arts,  literature,  science,  philosophy,  commerce,  and 
education,  and  its  work  related  more  or  less  to  each  of  these  col- 
leges. There  were  several  reasons  for  the  appointment  of  this 
committee.  One  of  these  was  found  in  the  lack  of  close  articu- 
lation between  the  work  of  the  first  years  of  college  and  that  of 
the  schools  from  which  the  students  come.  The  public  high 
schools  are  meeting  the  needs  of  the  communities  they  serve 
by  introducing  courses  of  instruction  and  a  significance  of  con- 
tent and  vitality  of  method  which  together  have  for  some  time 
presented  to  the  colleges  a  new  and  highly  important  situation. 
When  the  public  high  school  was  being  established  the  colleges 
rendered  much  assistance  by  outlining  the  courses  for  it.  But 
now  it  is  an  autonomous  institution,  and  its  competent  faculty 
is  studying  its  problems  to  the  end  that  it  may  serve  its  com- 
munity in  the  most  efficient,  democratic  way.  This,  in  its  influ- 
ence upon  the  high  school  students  who  desire  to  enter  college, 
sometimes  forces  them  to  take  a  high  school  course  quite  differ- 
ent from  that  of  their  fellows;  sometimes,  in  case  of  students 
who  late  in  their  high  school  course  decide  that  they  wish  to  go 
to  college,  it  prevents  them  from  so  doing  and  sometimes  causes 
the  student  upon  entering  college  to  be  conditioned  by  several 
units  of  work.  Of  the  450  freshmen  entering  the  University 
of  Chicago  on  October  i,  1910,  150  were  conditioned,  and  in 
many  other  institutions  the  showing  is  no  better.  One  large  uni- 
versity IS  said  to  have  conditioned  a  much  larger  percentage  of 
its  entering  class  last  autumn — ^the  amount  of  conditions  var)dng 
from  one  to  seven  units.  These  conditions,  in  themselves  a  direct 
confession  of  weakness  of  the  college  plan,  presented  one  phase 
of  the  problem.  Another  aspect  was  presented  in  the  difficulty 
of  arranging  first  year  college  courses  to  fit  the  educational  needs 
of  students  who  enter  with  varying  amounts  of  entrance  units. 


1  Preprinted  and  reflxranffed  from  Proceedinss  of  Uie  National  Bducation  Aaiociatioa, 
San  Kranciflco,  Cal..  Jnly.  191 L 
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Still  another  problem  of  the  committee  was  found  in  the  diffi- 
culty in  securing  from  the  curriculum  of  the  different  colleges 
of  the  university  a  sufficiently  large  number  of  coherent  and  pro- 
gressive courses:  (i)  to  give  purposeful  college  students  a 
wide  range  of  choice  of  careers  for  which  they  may  prepare 
while  in  college;  and  (2)  to  enable  the  administrative  officers 
to  stimulate  students  of  less  purpose — of  the  drifting  class — 
to  select  coherent  sequences  of  courses  that  may  give  them  defi- 
nite and  more  intensive  preparation  for  effective  work  when 
out  of  college. 

At  the  outset  it  became  evident  that  extensive  changes  were 
advisable,  both  with  reference  to  our  relations  to  high  schools 
and  in  the  organization  of  the  curricula  in  the  colleges.  As  a 
result  of  almost  two  years'  study  of  the  situation,  with  the  as- 
sistance and  cooperation  of  those  who  are  directly  interested  in 
high  school  work,  a  new  plan  was  drawn  up.  This  was  passed 
almost  unanimously  by  the  general  faculty  early  in  June  of  this 
year. 

The  plan  provides  one  specific  requirement  of  three  units 
(three  years)  in  English.  This  English  is  expected  to  give  rea- 
sonable facility,  accuracy,  appreciation,  and  readiness  in  use  of 
the  mother  tongue,  and  the  university  will  look  for  these  attain- 
ments rather  than  to  the  particular  content  and  method  of  the 
English  course,  which  latter  points  the  high  school  is  expected 
to  determine  in  the  light  of  its  own  immediate  study  of  work. 
Other  than  these  three  units  of  English,  no  specific  subject  re- 
quirement is  made  and  there  are  members  of  the  committee  above 
referred  to  who  believe,  that  English  has  not  proven  that  a  special 
requirement  should  be  made  of  it.  Requirements  based  upon  rec- 
ognized educational  principles  are  made  in  the  following  way : 

Those  subjects  that  have  long  been  recognized  in  high  schools 
are  arranged  in  six  groups,  as  follows: 

1.  English. 

2.  Ancient  languages  (Latin  and  Greek). 

3.  Modern  languages  other  than  English;  German,  French, 
Spanish. 

4.  Ancient  history,  mediaeval  and  modern  history,  English 
history.  United  States  history,  civic  economics. 

5.  Mathematics. 

6.  Sciences,  physics,  chemistry,  botany,  zoology,  general  bi- 
ology, physiology,  physiography,  general  astronomy. 
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English,  as -Stated  above,  is  represented  by  a  requirement  of 
three  units.  From  some  one  of  the  five  remaining  groups  the 
student  is  expected  to  take  a  principal  sequence  of  at  least  three 
units,  and  from  another,  a  secondary  sequence  of  at  least  two 
units,  and  in  all  from  the  six  groups  he  is  expected  to  present  at 
least  ten  units. 

If  Greek,  Latin,  or  one  of  the  modern  languages  is  chosen 
for  either  primary  or  secondary  sequence,  the  three  or  two  units, 
as  the  case  may  be,  must  be  in  a  single  language.  Also  not  less 
than  one  unit  of  physics  or  chemistry  may  be  offered,  and  not 
less  than  half  a  unit  of  any  other  subject. 

When  presented  not  as  a  primary  or  secondary  sequence  of 
units,  not  less  than  one  unit  will  be  accepted  in  Greek,  Latin, 
any  modern  language,  mathematics,  physics,  or  chemistry;  and 
Latin  may  not  be  continued  in  college  unless  at  least  two  units 
are  presented. 

In  addition  to  the  ten  units  thus  provided  for  above,  five  ad- 
ditional units  are  required.  These  may  be  offered  in  any  sub- 
ject for  which  the  high  school  gives  credit  toward  its  own  di- 
ploma. This  means  that  these  five  tmits  may  consist  of  any 
high  school  vocational  subjects,  as  agriculture,  domestic  science, 
commercial  arithmetic,  bookkeeping,  stenography,  manual  train- 
ing, etc.;  or  they  may  be  presented  in  addition  to  the  ten  units 
from  the  groups  given  above.  The  whole  plan  therefore  pro- 
vides specifically  for  three  units  in  English;  for  a  principal  se- 
quence of  three  units  and  a  secondary  sequence  of  two  units  to 
be  chosen  from  five  great  groups  of  subjects;  for  two  additional 
units  also  from  the  five  groups;  five  units  from  any  subject  of- 
fered by  the  high  school;  not  less  than  one  half  a  tmit  in  any 
subject;  entrance  with  conditions  will  not  be  permitted. 

It  is  thus  possible  that  a  student  may  come  to  college  with 
work  in  but  three  of  these  six  branches  of  knowledge.  It  is 
also  possible  for  him  to  come  to  college  having  work  in  all  of 
them.  In  any  event,  another  part  of  the  plan  adopted  insures 
that  during  his  first  two  years  in  college  and  his  high  school  to- 
gether he  shall  have  attained  acquaintance  with  the  funda- 
mental aspects  of  each  field  of  knowledge.  Thus  the  two  prin- 
ciples of  intensification  and  distribution  are  cared  for. 

Obviously  this  plan  is  an  attempt  to  place  college  entrance 
upon  an  educational  basis  instead  of  a  basis  of  dictation  and 
of  keeping  accounts.     It  asks  for  a  good  quantity  and  quality 
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of  training  in  the  use  of  the  nation's  language.  It  asks  for  se- 
•quential  work  in  enough  lines  of  study  to  lay  a  foundation  in 
scliolarship,  and  leaves  entirely  to  pupils,  high  school  teachers, 
.and  community  to  decide  what  those  lines  of  study  shall  be.  It 
recc^^izes  vocational  studies  as  having  educational  and  cultural 
value  quite  worthy  of  place  in  the  preparation  of  students  for 
<»llege  work.  Indeed,  we  recognize  these  as  subjects  needed 
<iuite  as  much  in  order  that  students  who  go  to  college  may  not 
lose  their  social  and  industrial  perspective  as  that  those  who  do 
not  go  to  college  may  utilize  these  subjects  in  practical  affairs. 

This  plan  is  intended  to  leave  the  secondary  schools  free  to 
•experiment  and  find  the  methods  and  subjects  best  adapted  to 
-develop  socially  efficient  and  scholarly  students.  It  is  hoped  that 
the  plan  may  open  the  way  for  a  genuine  cooperation  in  the  study 
-of  the  many  unsolved  problems  of  democratic  education,  and 
may  encourage  both  schools  and  colleges  to  careful  experiments 
\n  the  subjects,  methods,  and  results  of  our  teaching.  Effective 
democratic  education  for  all  the  pupils  in  the  high  school  is 
-needed  by  the  community;  and  is  at  the  same  time  better  for 
future  college  work  than  any  narrowly  prescribed  academic 
iraining. 

High  schools  that  are  in  cooperation  with  the  University  of 
Chicago  and  which  meet  these  broad  requirements  will  be  asked 
to  maintain  a  quality  of  work  that  produces  efficient  students, 
and  inspection  will  be  upon  that  basis.  Upon  recommendation 
of  the  faculty  of  the  cooperating  high  school  its  graduates  are 
admitted  to  the  university  without  examination,  and  the  school 
will  be  tested  by  the  ability  of  its  graduates  to  do  good  work, 
.as  indeed  are  those  of  its  graduates  who  go  from  high  school 
into  positions  of  employment.  If  a  considerable  percentage  of 
its  pupils  fail  to  carry  their  work  the  school  will  be  taken  from 
the  list  of  cooperating  schools,  until  upon  further  inspection  its 
product  seems  likely  to  succeed.  A  carefully  prepared  record 
of  all  students  will  be  sent  regularly  to  their  respective  high 
schools,  thus  enabling  both  high  schools  and  college  to  test  their 
efficiency,  not  by  a  single  examination  or  by  a  single  student,  but 
by  a  continued  investigation  of  the  ability  of  students  to  do  effi- 
-cient  work. 

For  several  years  a  rigid  method  of  grading  students  has  been 
in  force  in  the  colleges  of  the  university.  By  use  of  this  method 
-inefficient  students  are  eliminated  early  in  the  course;  the  less 
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efficient  the  earlier  they  are  eliminated.  Over  one  hundred  stu- 
dents have  thus  been  dropped  in  each  of  the  past  two  years. 

As  a  means  of  further  cooperation,  and  to  secure  the  most  ef- 
fective teaching  in  the  beginning  of  college  courses,  we  have 
invited  a  large  committee  of  high  school  men  to  visit  those 
courses  in  the  university  which  students  take  during  their  first 
years  in  college.  We  shall  expect  pointed  and  valuable  sugges- 
tions from  these  "college  inspectors,"  and  I  suspect  must  be 
prepared  to  defend  ourselves  or  eliminate  some  questionable 
practices  in  college  teaching. 

The  general  plan  adopted  by  the  faculty  also  includes  regula- 
tions through  which  we  hope  better  to  meet  the  needs  of  college 
students  all  through  their  college  course.  These  bear  a  definite 
relation  to  college  entrance.  An.  outline  of  this  plan  will  show 
its  significance.  In  the  first  year  of  college  work  the  student 
must  continue  the  subject  of  his  primary  or  secondary  sequence 
offered  for  admission,  with  the  exception  that  in  special  cases 
students  may  continue  a  last  year  full  unit  subject  This  last 
provision  is  made  possible  since  high  school  students  often  "find 
themselves"  in  some  subject  of  their  last  year's  work.  Also 
during  the  first  two  years,  preferably  the  first  year,  the  student 
must  take  three  majors  of  English,  one  major  of  public  speak- 
ing being  included  therein.  Also  in  two  years  the  student  must, 
together  with  the  high  school  work  presented,  have  as  much  as 
four  majors  in  each  of  the  groups  2  to  5,  listed  above.  This 
insures  acquaintance  with  the  great  divisions  of  human  knowl- 
edge, and  if  high  school  work  has  been  arranged  as  herein  out- 
lined, this  plan  still  leaves  the  student  large  election  in  college. 
Furthermore,  during  the  last  two  years  of  college  work  the  stu- 
dent, with  what  he  has  done  in  the  first  two  years,  must  com- 
plete nine  majors  in  one  department  and  six  majors  in  another. 
He  may  not  take  more  than  fifteen  majors  in  one  department. 
Thus  we  plan  to  secure  intensification  within  departments  in 
which  the  student  wishes  especial  preparation,  and  also  secure 
distribution  which  gives  general  cultural  acquaintance. 
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ADAPTATION  OF  PHTSI08  TO  DIFFERENT  TTPE8  OF 

PUPILS. 

By  S.  E.  Coleman, 
Head  of  the  Department  of  Science,  Oakland  High  School, 
Oakland,  Cal,    ' 

Need  of  Adaptation. 
One  of  the  chief  obstacles  to  the  best  success  in  the  teaching  of 
physics  is  the  heterogeneous  character  of  the  class.  The  fund  of 
experience,  the  interests,  and  aptitudes,  and  the  present  and  future 
needs  of  the  pupil  are  factors  which  should  largely  determine  the 
matter  and  method  of  the  course ;  and  these  factors,  as  they  apply 
to  the  different  individuals  of  a  typical  physics  class,  are  irrecon- 
cilably different.  To  compromise  differences  on  the  basis  of  the 
"average"  pupil  is  lamentably  unsatisfactory;  for  the  average 
pupil,  so  far  from  being  in  the  majority,  is — like  averages  in  gen- 
eral— ^a  mathematical  fiction. 

Two  Types  of  Pupils. 

From  the  standpoint  of  physics  as  a  means  of  education,  pupils 
are  of  two  principal  types.  With  those  of  one  type  the  mental 
habit  is  analytical,  logical.  Before  they  reach  high  school  age 
they  have  developed  a  keen  interest  in  the  how  and  the  why  of 
things.  They  have  learned  to  think  in  terms  of  cause  and  effect. 
"Even  in  childhood  their  interest  in  what  a  mechanical  toy  does  is 
quickly  subordinated  to  the  desire  to  find  out  how  it  works — with 
consequences  perhaps  disastrous  to  the  toy  but  more  or  less  sat- 
isfying to  the  inquiring  mind.  Thus  from  the  earliest  years 
through  life  this  quality  of  mind  manifests  itself;  it  is  native, 
fundamental.  Pupils  of  this  type  take  to  mathematical  work  with 
comparative  ease.  They  throw  the  burden  where  it  belongs,  not 
on  the  memory  but  on  the  understanding.  They  come  to  physics 
admirably  fitted  for  the  work,  with  a  stock  of  miscellaneous  in- 
formation and  experience  which  is  extensive  and  very  much  to 
the  point,  and  with  interests  and  aptitudes  keyed  to  the  demands 
of  the  subject. 

Pupils  of  the  other  type  are  characterized  negatively  by  the 
absence  or  weakness  of  the  mental  attributes  mentioned.  On  the 
basis  of  this  negative  characterization  alone,  the  type  includes 
the  mentally  inept  or  unfit.  These  do  poorly  in  physics ;  but  they 
are  consistently  poor  in  everything  else  as  well.  But  defect  of 
analytical  and  logical  power  is  very  often  compensated  by  strength 
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in  other  directions,  as  shown  by  excellence  in  the  languages,  lit- 
erature, history,  art,  and  music.  One  element  of  strength  with 
such  minds  is  a  retentive  memory,  which,  on  occasion,  is  made  a 
substitute  for  reason.  The  inadequacy  of  the  substitution  is  most 
evident  in  the  mathematics  and  in  physics,  where  in  extreme  cases 
it  breaks  down  completely. 

The  above  classification  does  not  divide  the  sexes,  but  it 
does  unmistakably  show  a  sex  difference.  Among  high  school 
pupils  a  very  large  majority  of  the  first  type  are  boys.  The  sec- 
ond type  includes  most  of  the  girls,  together  with  a  considerable^ 
percentage  of  the  boys.  Whether  the  difference  of  type,  in  so  far 
as  it  is  attributable  to  sex,  is  native  or  acquired  or  partly  both- 
is  not  germane  to  the  present  question.  It  is  simply  a  fact  to  be 
reckoned  with  in  education. 

The  Educational  Problem. 

How  best  to  adjust  the  instruction  in  physics  to  the  special 
needs  of  these  two  classes  of  pupils  is  the  problem  demanding 
solution.  It  is  not  solved  by  giving  a  course  adapted  only  to 
the  more  capable  boys,  leaving  it  optional  with  other  pupils  to- 
take  the  work  and  get  what  they  can  out  of  it  or  to  decline  it, 
as  they  may  choose.  Neither  is  it  satisfactory  to  adapt  the  work 
to  the  less  capable,  thus  depriving  the  strong  of  that  which  is  for 
them  most  worth  while. 

In  the  small  high  school,  where  there  is  only  one  class  in* 
physics,  the  best  that  can  be  done  is  to  supplement  the  class  in- 
struction with  more  or  less  of  individual  help,  the  twofold  pur- 
pose of  the  individual  work  being  to  help  the  weak  over  the 
minimum  requirements  of  the  course,  and  to  provide  extra  work 
for  the  strong  according  to  their  ability.  With  a  very  small  class,, 
conditions  approximate  to  the  ideal  in  this  respect,  for  the  in- 
struction can  be  very  largely  individual. 

In  large  high  schools  the  problem  admits  of  various  solutions^ 
It  is  solved  as  an  incidental  feature  of  larger  educational  issues 
where  several  high  schools  of  different  tjrpes  are  maintained  ii> 
the  same  city.  The  physics  course  of  the  manual  training  or  the 
technical  high  school  will  naturally  differ  from  that  of  the  Latin 
school  or  a  school  for  girls.  It  is  not  the  purpose  of  the  writer 
to  discuss  the  large  possibilities  afforded  by  such  exceptional  con- 
ditions, but  rather  the  adaptations  which  may  be  made  to  advan- 
tage in  the  undifferentiated  high  school  of  the  large  majority  of 
our  American  cities. 
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Adaptation  in  such  schools  usually  takes  the  form  of  a  gen- 
eral year  course,  open  to  all  students,  followed  by  a  more  ad- 
vanced half  year  or  year  course,  intended  primarily  for  those 
who  are  preparing  to  enter  college  or  technical  school.  This 
plan  has  obvious  advantages,  but  at  best  is  only  a  partially  suc- 
cessful compromise.  If  the  work  of  the  first  year  is  reduced  in 
amount  and  adapted  in  character  to  the  less  capable  members 
of  the  class,  it  is  not  of  the  sort  that  should  be  given  to  the 
others.  For  them  the  work  is  an  occasion  for  half  eilort  au'i  a 
discipline  in  the  art  of  loafing.  The  advanced  course  is  a  con- 
fession of  maladjustment,  being  in  the  nature  of  a  supflement 
to  incomplete  work.  If  given  only  for  a  half  year,  it  necessarily 
consists  of  disconnected  fragments,  which  are  only  imperfectly 
articulated  with  the  work  of  the  introductory  course. 

Segregation  of  Pupils. 

The  adequate  adjustment  provides  for  the  segregation  of  the 
pupils  from  the  beginning  of  the  subject.  There  is  much  to  be 
said  in  favor  of  separate  courses  in  physics  for  boys  and  girls. 
This  is  not  a  segregation  according  to  ability  in  the  subject  or 
according  to  mental  type,  but  rather  in  conformity  with  the 
normal  daily  experience,  interests,  and  future  needs  of  the  sexes. 
But  the  educational  values  of  the  subject  are  not  so  largely  in- 
fluenced by  sex  as  to  fully  justify  segregation  on  this  basis  alone. 
Mental  type,  as  above  outlined,  should  largely  determine  the 
scope  and  character  of  the  work  attempted  and  the  methods  of 
instruction.  It  is  a  waste  of  time  to  emphasize  the  mathematical 
side  of  physics  with  pupils  who  have  neither  mathematical  in- 
clination nor  ability,  whether  they  are  boys  or  girls;  but  such 
work  is  of  great  value  to  boys  who  have  mathematical  ability. 
And  further,  there  are  boys  as  well  as  girls  whose  daily  life 
has  awakened  but  little  curiosity  concerning  physical  matters  in 
general,  and  whose  physical  concepts  are  vague  and  chaotic. 
These  need  the  same  sort  of  help,  regardless  of  sex;  and  t!ie 
boys  would  not  get  this  help  in  a  class  with  capable  fellows. 

The  Oakland  Plan. 
Giving  due  weight  to  all  elements  of  the  problem,  the  best 
solution  apparently  is  to  offer  two  parallel  courses  in  physics, 
differing  largely  in  method  and  in  the  amount  and  character  of 
the  subject-matter,  but  open  to  both  sexes.  This  plan  has  been 
followed  for  some  years  in  the  Oakland  High  School,  and  it 
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works  well.  The  two  courses  are  designated  respectively  as 
full  and  brief  physics.  The  full  course  is  intended  primarily 
for  the  more  capable  boys,  and  is  taken  by  all  who  need  physics 
for  their  work  in  college  or  technical  school.  With  a  selected 
class  of  pupils,  the  work  is  more  vigorous  and  thorough  than 
is  ordinarily  possible.  The  mathematical  side  of  the  work  is 
emphasized,  and  includes  incidental  instruction,  as  occasion  de- 
mands, in  the  sensible  use  of  mathematics  as  a  tool.  Much  at- 
tention is  given  to  the  practical  applications  of  physics  in  daily 
life.  The  brief  course  dwells  at  greater  length  on  the  qualitative 
aspects  of  phenomena,  omits  much  of  the  usual  mathematics  of 
the  subject,  reduces  and  simplifies  the  work  in  mechanics,  takes 
fewer  quantitative  laboratory  experiments,  devotes  less  time  to 
practical  applications.  Astronomical  topics  are  introduced  here 
and  there,  as  they  fit  into  the  regular  order  of  the  work.  Thus 
in  dynamics,  the  motion  of  the  earth  and  planets  round  the  sun 
and  of  the  moon  round  the  earth,  the  bulging  of  the  earth  in 
equatorial  regions  due  to  rotation,  the  apparent  diurnal  njotion 
of  the  starry  heavens  explained  as  the  result  of  the  earth's  ro- 
tation, and  the  apparent  seasonal  motion  as  the  result  of  the 
earth's  revolution  round  the  sun  (based  on  observation  of  the 
brightest  stars  and  some  of  the  principal  constellations),  nature 
of  the  sun  and  stars  as  distinguished  from  the  planets,  relation 
of  the  solar  system  to  the  stellar  universe.  In  heat,  the  inclina- 
tion of  the  earth's  axis,  varying  length  of  day  and  night,  cause 
of  the  seasons,  source  of  the  sun's  heat,  solar  energy  as  the 
cause  of  terrestrial  phenomena  (winds,  rain,  plant  growth,  etc.), 
physical  conditions  on  the  moon  and  Mars.  In  light,  eclipses 
of  the  sun  and  moon,  phases  of  the  moon,  the  solar  spectrum 
and  its  teachings. 

The  full  course  presupposes  ability,  aptitude,  and  adequate 
preparation  for  the  subject.  A  good  record  in  mathematics  is 
regarded  as  evidence  of  fitness  for  the  work.  Although  chem- 
istry is  not  made  a  prerequisite,  it  rarely  happens  that  any  mem- 
ber of  the  class  has  not  taken  the  subject.  The  full  course  thus 
fits  in  with  a  high  school  education  which  is  somewhat  special- 
ized along  mathematical  and  scientific  lines. 

The  aim  of  the  brief  course  is  the  general  educational  aim. 
It  presupposes  no  specialization  and  looks  forward  to  none.  It 
purports  to  deal  witli  matters  of  general  interest  and  importance, 
and  welcomes  students  whose  intelligence  and  general  training 
are  such  as  may  reasonably  be  expected  of  all  third  and  fourth 
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year  students  in  the  high  school.  The  only  specific  requirement 
is  a  certain  minimum  of  algebra  and  geometry.  As  regards  the 
content  of  the  course,  it  is  certain  that  all  girls  and  many  boys 
arc  more  interested  in  learning  something  of  the  orderly  plan 
and  meaning  of  the  universe  at  large  than  they  are  in  learning 
details  about  hydraulic  presses,  steam  pumps,  steam  engines, 
dynamos,  etc.  The  brief  studies  in  astronomy  above  outlined 
never  fail  to  arouse  the  deepest  interest,  which  reacts  to  the 
benefit  of  the  more  prosaic  side  of  the  work.  It  should  not  be 
overlooked  that  this  astronomy  is  also  applied  physics,  serving 
admirably  to  illustrate  the  laws  and  principles  of  the  subject, 
and  that,  as  information  tending  to  broaden  the  mind  and  to 
enlarge  one's  outlook  upon  life,  it  is  worth  more  than  much  of 
the  practical  physics  that  we  are  at  present  so  intent  upon 
bringing  into  the  high  school  course. 

Time  and  Credit. 

The  two  courses  are  given  the  same  amount  of  time  on  the 
school  prc^ram,  and  each  is  completed  in  one  year ;  but  the  full 
course  demands  more  time  on  the  outside,  and  ranks  as  a  course 
and  a  half  toward  graduation.  The  work  would  be  extended 
over  a  year  and  a  half  if  circumstances  permitted.* 

Pupils  in  the  Brief  Course. 

The  choice  of  the  g^rls  is  the  brief  course,  almost  without 
exception.  It  is  preferred  even  by  those  who  are  fully  compe- 
tent to  take  the  other,  because  the  subject-matter  and  the  less 
intensive  treatment  are  more  to  their  liking.  It  is  taken  by  a 
considerable  number  of  the  boys  for  the  same  reason,  and  not 
infrequently  for  the  further  reason  that  they  have  neither  the 
training  nor  the  ability  demanded  by  the  full  course. 

A  Suggestion. 

It  is  not  essential  to  the  plan  and  purpose  of  the  brief  course 
that  it  should  include  the  astronomy  outlined  above,  or  any 
part  of  it.  Although  very  much  worth  while,  there  is  an  abun- 
dance of  good  material  that  may  take  its  place.  Elementary 
meteorology  is  simple  applied  physics,  is  of  general  interest, 
and  serves  admirably   to  illustrate  many  topics  in   mechanics 


^Since  \hi»  article  was  offered  for  publication,  our  school  program  has  been  arranged 
to  five  7  periods  per  week  durioff  the  first  half  year  and  8  periods  per  week  during  the 
■ecood  half  year  to  the  full  course.  The  time  allotted  to  the  brief  course  remains,  as 
before,  5  periods  per  week  through  one  year. 
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and  heat.  This  material  will  be  found  fully  worked  out  in  any 
elementary  text-bodk  of  physical  geography.  Of  like  utility 
are  such  topics  as  the  heating  and  ventilation  of  buildings,  the 
fireless  cooker,  the  use  and  dangers  of  volatile,  inflammable  liq- 
uids (gasoline,  kerosene,  alcohol),  including  tests  of  flashing 
point  and  burning  point,  artificial  illumination,  electricity  in 
the  home,  etc. 

A  Rational  Solution  of  Disputed  Questions. 

The  differentiation  of  elementary  physics  into  two  parallel 
courses  affords  the  only  rational  solution  of  certain  questions  on 
which  there  has  long  been  an  irreconcilable  difference  of  opin- 
ion among  physics  teachers.  Should  the  quantitative  side  of 
physics  be  brought  out  strongly,  with  quantitative  experiments, 
derivation  of  formulas,  solution  of  numerical  problems,  etc.? 
Yes,  in  the  full  course;  in  the  brief,  no. 

If  any  class  of  students  can  derive  reasonable  benefit  from  the 
present  mathematical  courses  of  the  high  school,  then  the  same 
class  of  students  can  derive  equal  or  greater  benefit  from  the 
mathematical  work  of  the  physics  cotu*se.  If  it  is  profitable  to 
study  pure  mathematics,  it  is  no  less  profitable  to  put  a  mod- 
icum of  the  knowledge  gained  to  the  test  of  practical  use;  and 
physics  offers  almost  the  only  opportunity  in  the  high  school 
for  such  use.  The  objection  that  mathematical  physics  is  too 
hard  is  met  by  the  answer  that  it  is  not  so  hard  as  much  of  the 
pure  mathematics  that  the  student  has  already  taken — or  en- 
dured. The  objection  that  it  is  uninteresting  is  met  by  the  same 
answer,  with  the  advantage  again  in  favor  of  physics,  for  the 
problems  of  physics  have  a  more  significant  content.  It  should 
be  admitted,  however,  that  the  argument  is  valid  against  both 
the  mathematical  physics  and  the  traditional  courses  in  algebra 
and  geometry,  for  a  large  percentage  of  high  school  pupils. 
The  physics  teacher,  when  charged  with  inhumanity,  should  not 
attempt  to  justify  himself  by  replying,  Tu  quoque.  He  should 
give  the  mathematical  work  in  good  measure  to  those  who  can 
profit  by  it,  with  full  assurance  that  it  is  worth  while,  and  should 
reduce  it  to  a  harmless  and,  let  us  hope,  profitable  minimum  for 
the  others. 

The  question  as  to  the  proper  treatment  of  kinetics  (the  be- 
havior of  matter  undergoing  acceleration)  finds  a  similar  an- 
swer. With  a  selected  class  of  boys,  it  should  be  possible  and 
profitable  to  treat  the  subject  quantitatively,  in  terms  of  both 
the  gravitational  and  the  absolute  units  of  force;  but  with  g^rls 
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generally  and  with  many  boys  there  is  little  profit  in  elaborat- 
ing the  quantitative  relations.  The  choice  of  suitable  illustrative 
material  (practical  applications,  etc.)  also  becomes  a  compara- 
tively simple  matter,  as  already  noted. 

Discriminating  Use  of  the  Text-Book. 
In  the  light  of  the  foregoing  discussion,  it  is  clear  that  the  use 
of  the  text-book  calls  for  discrimination  on  the  part  of  the 
teacher.  It  is  the  teacher's  privilege  to  select  and  reject  ac- 
cording to  his  own  best  judgment.  If  the  contents  of  the  text 
are  well  ordered,  so  that  essentials  can  be  taken  and  non-essen- 
tials omitted  without  break  in  the  general  plan  and  continuity 
of  the  subject,  then  an  overplus  of  material  becomes  a  valuable 
feature  of  the  book;  for  it  affords  opportunity  for  choice,  and 
its  presence  invites  attention  and  stimulates  interest. 

A  MOMENTUM  BALANCE. 

In  "School  Science  and  Mathematics"  for  April,  1907, 
und^r  section  9  of  an  article  entitled  "The  New  Movement 
Among  Physics  Teachers,"  in  which  a  consensus  of  opinions 
and  suggestions  from  164  schools  is  offered  upon  the  Teach- 
ing of  Physics  in  Secondary  Schools,  appears  the  following: 
"As  few  units  as  possible  should  be  employed,  and  they 
should  be  introduced  only  when  a  necessity  for  their  use 
appears;  i.e.,  they  should  be  justified  in  advance  as  in  the 
case  of  definitions  and  laws.  By  this  thesis  the  more  abstract 
units  like  the  dyne  and  the  erg  would  no  longer  be  required 
in  the  elementary  work." 

The  writer  agrees  with  the  spirit  of  the  first  part  of  the 
section  but  thinks  that  the  dyne  should  be  one  of  the  "few 
units"  which 'should  properly  go  to  make  up  a  course  in 
elementary  Physics.  The  idea  expressed  in  the  dyne  is  one 
of  the  fundamental  principles  of  many  phases  of  mechanics 
and  its  clear  comprehension  opens  a  way  into  so  many  inter- 
esting fields  of  inquiry  that  it  is  worth  the  time  necessary 
to  study  carefully.  Most  college  students  in  their  first  year 
of  work  in  physics  have  to  wrestle  seriously  at  first  with  the 
question  as  to  whether  or  not  g  should  be  inserted  in  certain 
calculations.  This  appears  to  show  that  the  recommendation 
of  the  above  thesis  is  carried  out  in  practice  if  not  in  principle 
in  our  western  secondary  schools.  This,  in  the  opinion  of  the 
writer,  is  an  unfortunate  condition  of  affairs. 
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To  meet  the  difficulty  which  really  seems  to  lie  in  the  so- 
called  abstract  unit,  the  dyne,  the  writer  has  devised  a  simple 
apparatus  for  illustrating  the  unit  force  and  roughly  de- 
termining the  value  of  the  dyne.  This  apparatus  consists  of 
a  broad,  heavy  base,  with  two  stiff  upright  posts  about  a 
meter  in  length  and  rigidly  connected  at  the  top  by  a  head- 
piece, as  in  the  figure.  Suspended  from  the  head-piece  by  a 
pair  of  screw  hooks  and  screw  eyes  is  a  thin  inch-wide  strip 


RqJ. 
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of  wood,  A,  reaching  nearly  to  the  base  and  swinging 
freely  as  a  pendulum  between  the  uprights.  A  rod,  R, 
several  inches  long  is  thrust  through  the  piece  A  near  its 
center.  The  front  half  of  the  lower  three  inches  of  the  piece 
A  is  cut  away,  leaving  the  front  surface  of  this  section  a  por- 
tion of  the  axial  plane  passing  through  the  supporting  plane 
of  the  screw  eyes  at  the  upper  end.  If  now  this  plane,  as  the 
pendulum  hangs  undisturbed,  is  not  exactly  under  the  supports 
of  A,  which  may  be  determined  by  means  of  a  plumb-rod 
suspended  from  one  of  the  screw  eyes,  it  may  be  brought  to 
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this  position  by  means  of  leveling  screws  in  the  base.  A  thin 
pointer,  P,  is  arranged  in  apposition  to  another  pointer  on  one 
•of  the  posts  when  the  piece  A  is  hanging  undisturbed.  A 
-cross,  X,  is  plainly  marked  in  the  center  of  the  surface  at  the 
lower  end  of  A,  and  the  apparatus  is  ready  for  use. 

If  a  stream  of  water  issuing  from  a  small  tube  connected 
lo  a  water  supply  is  projected  horizontally  upon  A  at  the  mark 
X  by  holding  the  tube  close  to  the  plane,  the  pressure  of  the 
water  will  push  A  backward  from  its  vertical  position.  A 
-weight-pan  is  now  suspended  from  the  rod  R  at  a  distance  of 
-several  inches  from  the  central  line  of  A  so  that  its  moment 
may  oppose  the  moment  of  the  force  exerted  by  the  stream 
•of  water.  Weights  are  added  to  the  pan,  or  the  water  is  regu- 
lated at  the  tap,  or  both  are  adjusted  until  the  indicating 
pointers  are  again  in  apposition.  Then  the  moments  are  equal, 
^nd  weight  of  pan  times  its  lever  arm  is  equal  to  the  force  of 
the  water  times  its  lever  arm,  whence  the  force  of  the  water 
may  be  calculated. 

Certain  precautions  are  necessary  in  order  to  do  good  work, 
^th  this  apparatus.  The  bottom  of  the  piece  A  has  been 
prepared  so  that  the  water  running  down  and  dripping  from  the 
bottom  end  will  be  as  nearly  as  possible  in  the  line  of  gravity 
"with  respect  to  the  screw  eyes  so  that  the  adhesion  of  the  water 
may  tend  as  little  as  possible  to  displace  the  pendulum  A. 
The  stream  of  water  must  be  adjusted  so  that  it  does  not  re- 
bound from  point  X,  but  merely  shoots  off  tangentially  or 
-drips  off  at  the  bottom.  A  little  practice  and  patient  manipu- 
lation will  enable  one  to  secure  the  correct  conditions  to  a  fair 
working  nicety.  If  the  water  pressure  in  the  main  is  not 
uniform,  it  may  be  necessary  to  use  water  from  an  over-flow 
vessel,  which  will  steady  the  pressure  sufficiently  well  for 
consistent  results.  While  the  water  is  flowing  steadily,  ex- 
actly as  during  the  experiment,  A  is  removed,  the  water  is 
•collected  for  a  measured  number  of  seconds  and  weighed. 
By  measuring  the  diameter  of  the  stream  with  a  cathetom- 
eter,  or  by  measuring  the  bore  of  the  tube,  the  velocity  of 
the  flowing  water  may  be  obtained.  When  the  water  impinges 
upon  A  Its  velocity  is  reduced  to  zero,  or  practically  so.  By 
means  of  the  data  gathered  it  is  now  easy  to  calculate  the 
force  which  acting  for  one  second  is  required  to  change  the 
velocity  of  one  gram  of  water  one  centimeter.  This  is  a 
•definite  force  doing  a  specific  thing.    It  is  easily  understood. 
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Let  this  value  be  called  the  dyne,  and  the  student  has  the 
conception  of  the  unit  force  in  its  simplest  form.  It  is  in  no 
sense  an  abstract  thing,  but  is  as  real  and  concrete  as  the 
foot  or  the  pound.  These  things  are  the  tools  of  the  physicist 
and  they  must  be  made  as  real  and  concrete  to  him  as  are  the 
hammer  and  saw  to  the  carpenter.  In  this  experiment,  or 
some  similar  one,  the  student  should  make  his  first  studied 
acquaintance  with  the  problem  of  accelerative  motion.  The 
results,  if  obtained  in  the  c.  g.  s.  system,  should  be  reduced 
to  the  common  values  of  the  foot  and  the  pound.  When  the 
student  discovers  that  it  requires  a  force  of  about  half  an 
ounce  to  change  the  speed  of  a  pound  of  water  one  foot  per 
second,  the  subject  can  no  longer  be  very  abstract  or  abstruse 
to  him.  Taken  from  this  point  of  view,  the  student  will  not 
be  everlastingly  insisting  that  a  dyne  is  "that  force  which 
will  move  a  gram  mass  one  centimeter  in  a  second,"  for  the  idea 
of  distance  does  not  appear  in  the  above  null  method  of 
measuring  the  dyne.  The  fact  that  gravity  accelerates  a  mass 
about  980  times  as  much  as  does  the  dyne  fixes  the  value  of 
g  and  the  method  of  obtaining  the  dyne  shows  that  it  enters 
all  problems  in  which  the  velocity  erf  bodies  is  changing. 


LEADS  WORLD  IN  ASBESTOS  MANUFAOTUBE. 

In  1910  the  United  States  excelled  all  other  countries  of  the  world  in  the 
conversion  of  raw  asbestos  into  manufactured  products,  but  a  very  small 
percentage — less  than  1  per  cent  of  the  asbestos  used — ^was  mined  in  this 
country,  by  far  the  larger  part  being  imported  from  Canada.  The  total 
production  in  the  United  States  for  1910,  according  to  the  Geological  Sur- 
vey, was  valued  at  $68,357;  the  imports  of  raw  material  from  Canada 
were  valued  at  more  than  fifteen  times  that  amount. 


GRAPHITE  MADE  FROM  COAL. 

Graphite,  the  commonest  use  of  which  is  seen  in  the  "lead"  pencil,  is 
almost  pure  carbon.  This  mineral  is  therefore  only  a  step  removed  from 
c^al  and  in  fact  some  of  the  natural  graphite  deposits  are  found  in  coal 
beds  where  the  intrusion  of  masses  of  intensely  heated  liquefied  igneous 
rock  has  metamorphosed  the  coal,  thus  forming  graphite.  An  example 
of  this  natural  manufactui;e  of  graphite  out  of  coal  is  described  in  one 
of  the  reports  of  the  United  States  Geological  Survey  on  the  Raton  coal 
field  of  New  Mexico.  On  the  other  hand,  large  quantities  of  high-grade 
graphite  are  artificially  manufactured  direct  from  ordinary  coal.  , 

In  making  lead  pencils  the  graphite  is  mixed  with  a  clay  of  fine  grain 
and  the  greater  the  proportion  of  the  clay  constituent  the  harder  the 
pencil.    Exceedingly  soft  pencils  with  large  leads  contain  but  little  clay. 
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THE  EFFECT  OF  AIB  SESI8TAN0E  ON  FALLING  BODIES. 

By  Carl  Kibler  and  Lewis  Linder, 
State  Normal  School,  Charleston,  III, 

Galileo  was  the  first  to  discover  experimentally  that  there 
is  a  difference  in  the  rate  of  fall  of  bodies  of  the  same  shape 
and  material  but  of  different  masses.  This  he  rightly 
ascribed  to  the  air  resistance.  The  writers  of  this  paper 
determined  to  investigate  this  variation.  It  is  evident  a 
priori  that  since  the  masses  and  surfaces  of  spherical  bodies 
vary  respectively  as  the  cubes  and  square  of  their  diameters 
that  the  larger  bodies  should  fall  the  faster. 

No  chronograph  being 
available  for  direct  time 
measurement  the  writers  re- 
sorted to  the  indirect  meth- 
od of  calculating  the  time 
of  fall  of  a  body  by  measur- 
ing the  amount  of  water 
under  a  constant  pressure 
which  would  flow  through 
a  tube  during  the  time  of 
fall.  Then  by  means  of  a 
timing  device  the  flow  per 
second  through  the  tube  was 
determined.  Using  this  last 
amount  of  water  as  a  divisor 
into  the  amount  which  fell 
during  the  fall  of  the  body 
gave  the  time  of  fall  in  sec- 
onds. The  releasing  device 
D,  Fig.  1  was  placed  on  the 
top  of  the  school  tower,  giv- 
ing the  ball  a  fall  of  30.657 
meters.  The  circuit  break- 
ing device,  P,  was  placed  at 
the  foot  of  the  tower,  direct- 
ly under  D.  M  is  the  meas- 
uring device  of  which  A  is 
the  tube  through  which 
water,  under  constant  pres- 
sure, flows  continuously.  It 
can  be  readily  seen  by  in- 
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spection  of  Fig.  1  that  upon  closing  switch  Sw.,  ball  X  will 
be  released  simultaneously  with  the  delivery  of  water  from 
tube  A  into  burette  O.  This  flow  is  continuous  until  ball 
X  reaches  p  of  P,  breaking  the  circuit  of  B,  at  the  spring  con- 
tact of  P,  when  the  water  again  flows  into  the  waste  pipe. 
The  burette  thus  contains  the  amount  of  water  which  flowed 
through  the  tube  during  the  fall  of  the  ball. 

The     flow     per     second 
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through  A  was  found  by 
means  of  the  apparatus 
shown  in  Fig.  2.  In  this 
operation  C  and  U  were 
connected,  respectively  to  C 
and  L  of  M,  Fig.  1,  and 
switch  H,  placed,  as  shown, 
on  pole  h,  thus  closing  cir- 
cuit B"  through  coil  2. 
When  a  contact  is  made  at  f, 
as  the  second  pendulum 
swings  through  mercury 
contact  /,  the  electro  magnet 
2  closes  circuit  B'  through* 
the  coil  of  M.  While  the  cir- 
cuit B'  is  closed  through  M 
water  will  flow  into  the  bur- 
ette. After  a  period  of  nine  seconds  switch  H  was  placed  on 
pole  I,  closing  circuit  B''  through  coil  i,  and  breaking  the  cir- 
cuit B'  at  the  close  of  the  tenth  second.  It  can  be  seen  that 
when  the  circuit  B'  is  broken  the  burette  contains  the  water 
which  has  flowed  through  the  tube  A  in  ten  seconds.  The 
average  amount  of  water  caught  in  this  manner  during  a  num- 
ber of  trials  divided  by  ten  gives  the  flow  per  second.  This 
was  found  to  be  8.23  cu.  centimeters.  The  amount  of  flow 
during  the  period  of  fall  of  ball  X  divided  by  8.23  cu.  cm.  gives 
the  time  of  fall  in  seconds. 

The  following  results  were  obtained  with  lead  and  steel 
balls  of  the  masses  and  diameters  given  below: 

LSAD  Balls. 


Trial 

Dia.  of  Ball 

Mass  of  Ball 

Amt.  of  Flow 

Time  of  Fall 

1 

4.40  mm. 

5.25  grams. 

22.2  cu.  cm. 

2 

22.1    «      « 

3 

21.9    ••     " 

4 

22.0    "      « 

5 

22.0    "      " 
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Trial 

Amt. 

of  Flow 

6 

22.0 

" 

" 

7 

22.0 

" 

" 

8 

21.9 

« 

tt 

9 

22.0 

« 

tt 

10 

21.9 

(i 

tt 

Average 

22.0 

« 

" 

2.67  seconds 

Trial 

Dia. 

of  Ball 

Mass  of  Ball 

Amt. 

of  Flow 

Time  of  Fall 

1 

3.27  mm. 

2.30 

grams 

22.3 

cu. 

cm. 

2 

22.2 

« 

tt 

3 

22.2 

« 

tt 

4 

22.2 

t( 

It 

5 

22.2 

" 

tt 

6 

22.2 

(« 

** 

7 

22.1 

(( 

it 

8 

22.2 

« 

tt 

9 

222 

u 

« 

10 

22.2 

11 

tt 

Average 

22.2 

" 

tt 

2.70  seconds 

Trial 

Dia. 

of  Ball 

Mass  of  Ball 

Amt. 

Df  Flow 

Time  of  Fall 

1 

2.7! 

)  mm. 

1.40 

grams 

22.3 

cu. 

cm. 

2 

22.5 

it 

If 

3 

22.5 

tt 

tt 

4 

22.7 

it 

tt 

5 

22.7 

u 

tt 

6 

22.7 

t* 

it 

7 

22.5 

tt 

tt 

8 

22.6 

it 

" 

9 

22.3 

tt 

" 

10 

22.4 

" 

" 

Average 

22.52 

t( 

" 

2.74  seconds 

St££l  Balls. 

Trial 

Dia. 

of  Ball 

Mass  of  Ball 

Amt. 

of  Flow 

Time  of  Fall 

1 

12.60  mm. 

8.34 

grams 

21.1 

cu. 

cm. 

2 

21.1 

tt 

" 

3 

21.2 

tt 

tt 

4 

21.1 

tt 

tt 

5 

21.1 

tt 

tt 

6 

21.1 

tt 

It 

7 

21.1 

" 

" 

8 

21.1 

" 

tt 

9 

21.0 

<t 

" 

10 

21.1 

it 

It 

Average 

21.1 

It 

It 

2.56  seconds 

Trial 

Dia. 

of  Ball 

Mass  of  Ball 

Amt. 

of  Flow 

Time  of  Fall 

1 

7.175  mm. 

1.52 

grams 

21.5 

cu. 

cm. 

2 

21.5 

(( 

tt 

3 

21.5 

tt 

tt 

4 

21.6 

tt 

It 

5 

21.6 

tt 

tt 

6 

21.8 

tt 

tt 

7 

21.9 

tt 

tt 

8 

21.8 

tt 

tt 

9 

21.5 

it 

tt 

10 

21.5 

tt 

*i 

Average 

21.62  " 

tt 

•     2.63  seconds 
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Trial 

Dia. 

of  Ball 

Mass  of  Ball 

Amt.  of  Flow 

Time  of  Fall 

1 

4.75 

\  mm. 

0.44 

grams 

222 

cu. 

cm. 

2 

22.4 

«( 

« 

3 

22.6 

It 

« 

4 

22.3 

** 

« 

5 

22.5 

M 

« 

6 

22.3 

« 

« 

7 

22.1 

K 

« 

8 

21.9 

« 

« 

9 

22.2 

<f 

M 

10 

22.4 

« 

<l 

Average 

222S 

I    " 

« 

2.71  seconds 

An  examination  of  the  above  data  shows  that  within  the 
range  of  size  of  the  balls  used  in  the  experiment  that  an  in- 
crease in  diameter  of  similar  balls  results  in  a  slightly  in- 
creased velocity  in  falling. 

The  writers  wish  to  express  their  thanks  to  Mr.  A.  B.  Crowe 
of  the  physics  department,  for  loan  of  apparatus  and  helpful 
suggestions  during  the  progress  of  the  investigation. 


OITT  WATEB  SUPPLIES  AJXD  THE  NATIONAL  FORESTS. 

Secretary  Wilson  has  decided  that  the  interests  of  cities  and  towns 
which  obtain  their  water  from  streams  having  their  water  sheds  within 
national  forests  call  for  special  measures  of  protection,  and  he  has  there- 
fore developed  a  plan  of  co-operation  for  the  Department  of  Agricul- 
ture with  those  communities  which  are  alive  to  the  importance  of  keep- 
ing their  water  supply  pure. 

There  are  many  Western  toi/vns  and  cities,  some  of  them  of  large  size, 
which  derive  their  water  from  drainage  basins  lying  inside  the  national 
forests.  One  of  the  recognized  objects  of  forestry  is  to  insure  the  perma- 
nence and  protect  the  purity  of  municipal  water  supplies.  As  the  forests 
are  maintained  for  the  benefit  of  the  public,  Secretary  Wilson  considers 
it  the  duty  of  his  department  to  do  all  that  it  can,  both  to  prevent  the 
pollution  of  such  supplies  and  to  create  or  maintain  conditions  most  fa- 
vorable to  a  constant  flow  of  clear  water. 

Stock  raising  and  occupancy  of  the  land  for  the  various  kinds  of  use 
which  are  ordinarily  encouraged  on  the  national  forests  may  be  highly 
undesirable  if  allowed  on  drainage  basins  which  are  the  sources  of 
drinking  water.  There  is  also  to  be  considered  the  injury  which  may  be 
done  if  the  water  is  silt-laden.  By  protecting  and  improving  the  forest 
cover  and  by  enforcing  special  regulations  to  minimize  erosion  and  to 
provide  for  the  maintenance  of  sanitary  conditions,  the  government  will 
try  to  safeguard  the  interests  of  the  public. 

A  form  of  agreement  has  been  drawn  up,  providing  for  co-operation 
between  the  department  and  cities  concerned,  in  which  the  government 
promises  all  possible  protection  of  the  water  supply  in  return  for  the  as- 
sumption by  the  city  of  a  part  of  the  extra  expense  necessitated. 
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THE  SELENIUM  OELL  A8  A  OONTAOT  MAKER. 

By  Phillip  Fitch, 
North  Side  High  School,  Denver,  Col. 

One  of  the  many  uses  to  which  the  selenium  cell  can  be  put 
is  to  make  the  contact  for  a  recording  pendulum,  and  by  its 
use,  for  this  purpose,  many  of  the  objectionable  features 
of  the  mercury  and  magnetic  contact  makers  are  obviated. 

The  writer  constructed  a  small 
selenium  cell,  which  was  fairly  sensi- 
tive, and  mounted  it  in  a  circular 
ebonite  case  in  the  lid  of  which  a 
circular  hole  was  cut  in  order  to  ex- 
pose the  cell.    A  rectangular  plate 


i 


of  Russian  iron  with  a  length  equal 
to  that  of  the  swing  of  the  pendu- 
lum and  width  slightly  greater  than 
the  diameter  of  the  case  was  taken 
and  a  circular  hole  cut  in  it,  using 
the  intersection  of  the  diagonals  as 
a  center.  The  diameter  of  this  hole 
was  two  mm.  less  than  the  diameter 
of  the  hole  in  the  lid.  This  plate 
was  then  soldered  to  the  lower  end 
of  a  pendulum  rod  in  such  a  manner 
that  its  plane  was  in  the  plane  of 
the  motion  of  the  pendulum.  The 
case  was  mounted  on  a  support  and 
so  placed  that  the  hole  in  the  lid  was 
parallel  and  opposite  to  the  hole  in 
the  plate  when  the  pendulum  was  in 
a  vertical  position.  A  sixteen  candle- 
.power  incandescent  lamp,  supplied 
with  a  parabolic  reflector,  was 
placed  in  front  of  the  plate  and  in  line  with  the  two  holes.  After 
joining  the  cell  and  a  relay  in  circuit  with  a  proper  battery,  the 
apparatus  was  ready  to  use.    Twenty-six  Le  Clanche'  cells,  ar- 
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ranged  in  series,  were  necessary  to  produce  the  desired  effect. 
After  the  pendulum  bob  had  been  properly  adjusted  and  the 
pendulum  set  in  motion,  the  cell  was  exposed  once  per  second 
to  the  light  from  the  lamp.  When  the  maximum  surface 
of  the  selenium  was  exposed,  the  reduction  in  its  resistance 
was  just  enough  to  allow  the  current  to  become  sufficiently 
strong  to  operate  the  relay. 


AN  ELEOTRIOAL  EXPERIMENT. 

By  Elmer  E.  Burns, 
Joseph  Medill  High  School,  Chicago, 

I  found  the  following  experiment  described  by  one  of  the  old  masters 
in  physics.  It  has  proven  so  interesting  to  my  classes  that  I  repeat  it  every 
year.  It  suggests  a  possible  explanation  of  the  large  drops  of  rainfall 
during  the  beginning  of  a  thunder  storm.  T''"  tp^cher  may  find  it  a  profit- 
able exercise  to  attempt  to  explain  the  ph' 

A  glass  tube  is  drawn  into  a  pipette  form  .  .1  opening  of  from  one 

to  two  millimeters.  This  glass  tube  is  conn**  :d  to  a  water  faucet  by 
means  of  rubber  tubing.  The  glass  tube  is  pointed  upward 'over  a  sink 
and  the  water  gradually  turned  on  until  it  rises  to  a  height  of  about  six 
feet.  If  the  tube  has  been  rightly  prepared  the  water  will  rise  in  a  jet  and 
fall  in  a  fine  spray.  If  an  electrified  stick  of  sealing  wax  or  vulcanite  rod 
is  brought  near  to  the  jet  the  spray  will  cohere  and  fall  in  great  globules 
of  water.  The  effect  is  plainly  seen  when  the  electrified  rod  is  five  or  six 
feet  from  the  jet  but  the  nearer  the  rod  is  brought  the  greater  is  the 
cohering  effect. 

The  jet  can  be  made  to  sway  to  and  fro  by  moving  the  rod  near  it.  The 
experiment  may  be  modified  in  a  variety  of  ways  such  as  the  use  of  posi- 
tively and  negatively  electrified  rods  at  the  same  time,  on  the  same  side 
and  on  opposite  sides  of  the  jet. 


AOID  PROOF  FINISH  FOR  TABLE  T(^S. 

By  FRANiaiN  T.  Jonks. 

All  foreign  substances  must  be  thoroughly  removed  from  the  table 
top  as  the  finish  will  not  take  except  where  the  wood  is  fresh  and  clean. 

Solution  1.  Solution  2. 

Copper  Sulphate  C  P  125  gm.        Anilin  Hydrochlorate  C  P  150  gm. 

Potassium  Chlorate  C  P      125  gm.  Distilled  Water  1000  c 

Distilled  Water  1000  cc.  Soluble  in  the  cold. 

The  above  is  equivalent  to  a  satu- 
rated hot  solution  of  CuSO«  and 
KCIO,. 

Apply  two  coats  of  1  hot  and  rapidly.    (Little  change  in  color  of  wood.) 

Then  apply  one  or  two  coats  of  2.    (Color  is  a  sickly  green). 

Let  dry  thoroughly. 

Scrub  with  hot  soap  suds. 

Let  dry. 

Wipe  off  with  a  cloth  carrying  some  linseed  oil.    (Color  is  a  fine  black). 

This  prescription  was  first  recommended  to  me  by  The  Bausch  and 
Lomb  Optical  Co.  I  have  had  occasion  to  apply  it  a  number  of  times 
and  it  has  always  rendered  the  best  of  satisfaction. 
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THE  HIGH  SCHOOL  BOTANIOAL  OLUB. 

By  Willard  N.  Clute. 
Joliet,  III 

It  is  not  to  be  expected  that  every  subject  taught  in  the  high 
school  can  be  made  so  attractive  that  pupils  will  be  inclined  to 
continue  it  after  the  course  has  been  completed,  but  among  those 
that  do  occasionally  command  this  interest  in  adult  life,  none  has 
a  more  prominent  place  than  botany.  Indeed,  the  objects  with 
which  it  deals  are  so  attractive  in  themselves  and  the  pursuit  of 
these  objects  is  so  fraught  with  pleasurable  experiences  in  field, 
wood,  and  garden  that  many  who  have  never  studied  the  subject 
in  school  have  taken  it  u*^  !:y  themselves  and  became  accomplished 
botanists.     It  is  **  !^  to  be*  expected  that  when  properly 

taught  it  will  appea' ,  ery  strongly  to  the  young  student  who,  if 
normal,  may  be  assumed  to  have  a  lively  interest  in  all  sorts  of 
outdoor  activities.  With  a  little  encouragement  his  interest  in 
plants  may  be  made  permanent  and  the  student  started  on  a 
course  that  will  afford  him  a  pleasant  pastime  for  his  leisure 
hours  and  bring  him  much  enjoyment  and  profit  throughout  his 
life. 

It  is  a  matter  of  common  experience  that  students  enjoy  their 
work  more  and  get  better  results  when  several  are  working  to- 
gether on  the  same  problem  than  they  would  if  working  alone  and 
this  principle  is  often  made  use  of  in  the  laboratory  by  giving  a 
group  of  students  an^  experiment  to  perform  or  a  problem  to 
solve.  In  the  same  w^y  a  botanical  club  may  serve  to  develop  any 
latent  interest  in  the  subject  of  botany  and  to  stimulate  good  stu- 
dents to  increased  activity.  This  may  result  in  good  to  the  whole 
community  by  inspiring  a  greater  interest  in  parks  and  public 
playgrounds,  the  preservation  of  spots  of  historic  interest  or 
scenic  beauty,  and  the  general  improvement  of  the  locality.  The 
writer  knows  of  several  clubs  of  this  kind  that  have  existed  long 
enough  to  prove  their  worth  and  confidently  expects  to  see  a 
great  increase  in  their  numbers  when  their  value  is  better  known. 
Nor  need  the  teacher  conclude  that  in  forming  such  a  club  he  is 
working  solely  for  the  good  of  others.  He  may  not  be  benefited 
botanically  by  such  a  course  but  his  reward  is  none  the  less  certain 
and  comes  with  the  development  about  him  of  a  group  of  young 
people  interested  in  the  things  in  which  he  is  interested  and  capa- 
ble of  discussing  intelligently  with  him  his  special  problems. 
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The  wise  teacher  will  probably  let  the  organization  of  such  a 
club  depend  largely  upon  the  efforts  of  the  pupils  themselves.  If 
there  are  not  enough  students  to  push  the  project  through  to  a 
successful  issue  after  it  has  been  explained  to  them,  it  had  bet^ 
ter  be  abandoned  until  there  are  a  sufficient  number.  This  diffi- 
culty, however,  is  seldom  encountered  since  a  large  society  at 
the  start  is  not  desirable;  in  fact  it  is  seldom  worth  while  to 
strive  for  mere  numbers.  Better  half  a  dozen  members  thor- 
oughly interested  than  five  times  as  many  that  must  constantly 
be  urged  to  do  their  part.  A  club  can  profitably  be  organized  if 
there  promises  to  be  a  membership  large  enough  to  fill  all  tht 
offices. 

Experience  would  also  indicate  that  the  club  should  be  officered 
and  run  by  the  pupils  themselves,  the  teacher  acting  simply  in 
an  advisory  and  judicial  capacity.  It  also  seems  advisable  to 
restrict  the  membership  to  those  who  have  shown  some  proficiency 
in  botany  instead  of  throwing  it  open  to  all  who  may  apply.  This 
IS  upon  the  supposition  that  a  pupil  who  does  not  have  a  mark  of 
at  least  85  for  one  semester's  work  in  the  subject  is  not  sufficiently 
interested  to  make  a  desirable  member.  For  similar  reasons  it  is 
usual  to  adopt  a  rule  that  members  absent  from  three  regular 
meetings  without  good  excuse  shall  be  dropped  from  the  rolls. 
Without  some  such  rule  the  club  is  likely  to  find  itself  burdened 
with  a  large  number  of  pleasure-loving  members  especially  if  it 
is  active  in  promoting  field  trips,  camping  parties,  and  the  like. 
In  most  cases  the  dues  are  quite  low — ^not  more  than  25  or  50 
cents  a  year — ^the  necessary  funds  for  special  occasions  such  as 
banquets  or  excursions  being  raised  by  special  assessments  upon 
the  members  taking  part.  In  some  clubs  the  treasury  is  depended 
upon  for  a  certain  per  cent  of  such  expenses. 

It  is  usual  to  have  stated  meetings  once  or  twice  a  month  for 
the  reading  and  discussion  of  papers.  These  are  usually  held 
after  school  but  may  be  held  in  the  evening  if  circumstances  war- 
rant. In  addition  to  the  regular  meetings,  extra  meetings  for  the 
celebration  of  special  events  may  be  held.  At  least  one  banquet 
should  be  held  annually  for  the  rounding  up  of  the  year's  work 
and  perhaps  a  reception  to  the  new  members  if  these  are  elected  to 
membership  at  stated  times,  say  at  the  beginning  of  the  term. 

The  program  at  regular  meetings  is  usually  based  upon  one  of 
two  distinct  types.  In  the  one,  members  purchase  the  book  agreed 
upon  by  the  club  and  discuss  it,  chapter  by  chapter,  after  the 
manner  of  the  well-known  Chautauqua  Circle.    In  the  second,  and 
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tatKik  better  plan  wben  it  can  be  carried  out  successfully,  the 
students  write  and  present  the  papers,  being  helped  thereto  by  the 
suggestions  and  advice  of  the  teacher.  A  variety  of  subjects  for 
papers  will  at  once  [present  themselves  to  the  mind  of  the  latter. 
Students  who  have  visited  distant  lands  may  speak  of  the  curious 
plants  seen,  the  rare  fruits  of  the  markets  may  be  discussed,  while 
the  spices,  dyes,  dmgSt  Sbers,  oils,  gums,  perfumes,  etc.,  found  in 
store  and  nmket  and  mtsseom  will  form  an  endless  list  of  sub- 
jects for  investigation  in  d»  library.  The  botanists  of  the  region 
may  be  called  upon  for  instructive  talks  while  the  teacher  of 
botany  should  be  depended  upon  to  fill  any  gaps  in  the  prc^am 
that  may  occur.  As  much  as  possible,  however,  the  papers  should 
be  based  upon  the  original  observations  of  the  pupils.  Those  with 
a  taste  for  field  work  may  take  up  a  plant  family  for  careful 
study,  and  the  rare  plants  of  the  region  may  be  exhibited  and  their 
peculiarities  dwelt  upon.  Those  who  have  a  taste  for  microscopic 
work  may  take  up  such  subjects  as  the  shape  of  cells,  forms  of 
pollen  grains,  plant  hairs,  structures  found  in  cells,  and  the  like, 
illustrating  their  remarks  by  drawings  of  the  objects  described. 
The  rock  upon  which  many  clubs  split  is  the  difficulty  of  getting 
enough  good  papers  for  the  programs.  As  a  means  to  this  end  it 
is  often  required  that  each  new  officer  present  a  paper  before  the 
other  members  of  the  club  are  called  upon  to  do  so. 

Botany  being  largely  an  out-of-door  study  the  club  will  make 
no  mistake  in  promoting  all  sorts  of  activities  in  the  open  air 
such  as  picnics,  skating  parties,  straw  rides,  nutting  parties,  field 
trips,  and  camping  parties.  On  pleasant  Saturdays  in  the  milder 
parts  of  the  year,  excursions  may  be  made  to  points  of  local 
botanical  interest,  while  in  winter  the  city  greenhouses  and  mu- 
seums may  be  visited.  Many  of  the  trips  suggested  can  scarcely 
be  classed  as  botanical  but  are  warranted  by  the  interest  in  the 
main  subject  which  their  association  with  it  stirs  up.  The  club 
will  be  found  to  exert  a  wholesome  effect  upon  the  study  of 
botany  in  the  school,  most  pupils  being  not  only  willing  but 
anxious  to  do  good  work  in  order  to  secure  an  election  to  the 
club.  A  botany  class  interested  in  the  subject  practically  teaches 
itself  and  while  the  object  of  getting  into  the  botanical  club  may 
not  be  the  highest  motive  that  might  actuate  the  student,  one 
may  take  advantage  of  it,  trusting  to  a  greater  familiarity  with 
this  delightful  science  to  inspire  a  more  worthy  interest. 
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PBOBLEM  DEPABTMEITT. 

By  E.  L.  Brown. 
Principal  North  Side  High  School,  Denver,  Colo. 

Readers  of  this  magazine  are  invited  to  send  solutions  of  the  problems 
in  which  they  are  interested.  Problems  and  solutions  will  be  duly  credited 
to  their  authors.  Address  all  communications  to  B.  L,  Brown,  3435 
Alcott  St,,  Denver,  Colo, 

Algebra. 

259.    Proposed  by  R.  B.  Bowman,  Alliance,  O. 
Solve: 

(3-^)V(3-^)W  <... 

xy^Z.  (2). 

I.  Solution  by  Richard  Morris,  New  Brunswick,  N.  /• 
Bliminating  y  we  get 

or        a:r<— 23;r«-4=0. 

;r«=(23=h^657)/16.         

(23+l/657)/16  will  give  the  r^a/ values,  iXl/23+i/657,  for  jr.  The 
other  valne  of  x^  makes  x  imaginary,  since  \^657  >  23.     Since  >"  — 1 

j/=±^|/2(^657  -23). 
Hence  ;r=d:1.7434,  and  >^=hl.l4718. 

II.  Solution  by  A.  M,  Harding,  Payetteville,  Ark, 

N.  B. — I  have  changed  a  sign  in  the  last  parenthesis  in  eq.  (1).    It 
seems  to  me  that  the  problem  is  incorrectly  stated. 
Combine  terms  in  eq.  (1)  and  obtain 


^  (^J^^+  ^SS)'*^^^'    Complete  the  square 
lyikewise  by  subtracting  18  from  both  sides  of  (1) 


3  r£=^  -  ^d^ls^^ts 

Lx+y      x^yj 

i,  e.      t^ljt  —  ±8  or  ai^'^^^^^Z  since  xy^Z 

Now  from  (3)  ;r«-t:y«==F5 

...;r«=-4, -1, +4, +1 

or;r==b2f,  ±*,  ±2,  ±1.  i=\/^ 

.\y-Tt,  T2i,  ±1,  ±2. 

265.  Show  that  (a+b)*  will  not  be  equal  to  a*4-fr*,  unless  ab=C 
(a+b)\  asuming  that  neither  a  nor  b  is  zero.  (Harvard  entrance  exam- 
ination, June,  1909.) 

Solution  by  H,  H,  Downing,  Lexington,  Ky.,  and  /.  C  Gwartney, 
Orosi,  Cal, 
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Hence  (a+3)*wa*+A*  when  and  only  when 

Since  a  ^0,  3  ^  0»  therefore  2a^  ^  0  and  2(a+^)'~-a^  ntnat  be  i«ro. 
This  gives  a^==2(a+^)». 
266.    Proposed  by  H.  E.  Trefithen,  WatervUU,  Me. 
Given  2i/]^=l^r(r-2Ar)-^  (1)  and>«r  (^"2^—1).  (2) 

Show  that  2L_,  -  4- 

y+2v'Ary         ' 

I.  Solution  by  I.  L,  Winckler,  Cleveland,  O. 
Froni  the  second  given  equation, 

r  =  ^(|/2  +1) (3) 

From  (3)  and  the  first  given  equation. 

j^+2|/^=|/>^3-h2i/'2  -Zxyi^l  +1) 
Squaring,  redndng,  and  factoring, 

CH-|/^)  [(v/2 +lly-(3+|/2")l/^]=0. 
Bqnating  each  factor  to  zero, 

y+|/}^=:0,  and  (l/2'+l)>-(3+|/2')l/^jl^. 
The  first  of  these  equations  gives  xssy^  which  does  not  satisfy  the  first 
given  equation. 

From  the  •eoond,  *=  ^.^^^^  (4).    TW.  Mtisfie.  (1). 

From  (1)  and  (4) £-=  -  >(?±V|) 

y+2yxy  49         1_ 

>(»Hv/F)~    7 
7 

II.  SoluHom  by  Nelson  L.  Roray,  Metuehen,  N.  J. 

X  1 

that  is  we  must  shoW  that  «  -=-• 

Vrir-'lx)         7 

Substituting j'ssrCvT—l)  in  j^f  2l/^«|/f1r-2ar),  we  easUj  obtain 
[(^-4|/F);r-r(|/2^-0  ][^r-r(i/2"-l)]=0. 

Whence    ;rs    ^^^^~^^  or  r(|/a-l). 
9-4|/2 

Substituting  these  values  of  :r  in  —  ■  we  get 

|/r(r— 2;r) 

X  1 

— r  ss  ---  orl. 
•r(r— 2ar)  7 

Both  conditions  are  true,  provided  we  admit  that  the  radical  has  a 
double  sign  in  the  original  expression. 

The  desired  result  may  also  be  obtained  by  forming  the  equations  with 
fttional  coefficients  that  have  for  one  root 
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x=.   ^^^^1^^  or  r  (1/2-1). 
9-4,/2 
The  equations  are: 

49jr*=:f«— 2rjr,  and  ;ir"=f*— 2;rr. 

Whence  — ====•  =  -=-  and  — =====  =1. 

V^(r-2;r)r  '  i/r(r-2Jr) 

Remark  by  R,  M.  Mathews,  Chicago,  III. 

The  relation  (2)  is  not  the  only  one  by  means  of  which  (3)  may  be 
deduced  from  (1).    For  solving  (3)  for  x  in  terms  of  y  we  find 

(4,        .=^(^±i^; 

and  solving  (1)  and  (3)  together  for  ;r  in  terms  ol  r  we  get 

w        x^r ^ . 

Elimination  of  x  between  (4)  and  (5)  gives 

(-l±5i/2) 
9±4|/2 
and  the  two  ambiguous  signs  are  independent  of  each  other.     Thus  there 
are  four  possible  relations  of  form  (2)  for  ^  and  r,  namely: 

y=r(y^2-l).  r  (31+4V2).    ^(31-41/2).  _^  .g+l) 
49  49  ^^  '' 

Cleometry. 

267.    Proposed  by  0.  Price,  Denver,  Colo. 

P  is  a  point  on  the  minor  arc  AB  of  the  circumcircle  of  the  regular 
hexagon  ABCDEF;  prove  that  PE-f PD=PA-fPB+PC-fPF. 

I.  Solution  by  H.  H.  Seidell,  St.  Louis,  Mo.,  and  L  L,  Winckler,  Cleve- 
land, O. 

On  PD  take  PH=PP,  and  on  PE  take  PG=PC. 

Then  AFPB=AFHD. 

For  ZFPD=60%  and  since  PH=PP,  ZPPHss  ZPHF. 

.'.  APFH  is  equiangular  and  .*.  equilateral,  and  PF=PH. 

Also  PB=FD,  since  arc  PAB=  arc  FED. 

•.•  ZDFH4-i:^BFH=60%  and  ZPFB+ZBFH=60". 

.-.  ZDFH=ZPFB. 

.-.  HD=PB. 

Similarly  GE=sPA,  by  proving  AAPC= AGEC. 

.-.  PE+PD=PC+PA-|-PF+PB. 

II.  SoluHon  by  Editor. 

In  any  inscribed  quadrilateral  the  product  of  the  diagonals  equals  the 
sum  of  the  products  of  the  opposite  sides.    Hence 

In  PAEC.  PEAC=PA.EC-fPC.AE.  (1) 

In  PBDF,  PD .  BF=PB •  FD-f  PF- BD.  (2) 

Clearly  AC,  BF,  EC,  FD,  AE,  and  BD  are  equal. 
.'.  adding  (1)  and  (2)  we  have 

PE-|-PD=PA+PB-|-PC-fPF. 
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268.  Selected. 

The  diagonals  AC,  BD  of  a  quadrilateral  ABCD  meet  at  K;  prove  that 
the  circumcenters  of  the  triangles  KAB,  KBC,  KCD,  KDA  arc  the  ver- 
tices of  a  parallelogram. 

Solution  by  /.  M.  Townsend,  South  Braintree,  Mass.,  and  Jennie  K. 
Bresel,  New  York  City. 

Let  E,  F,  G,  H  be  the  centers  of  the  circumcircles  of  triangles  AKB, 
BKC,  CKD,  DKA,  respectively.  Since  AK  is  a  common  chord  of  the 
circles  whose  centers  are  E  and  H,  HE  1  AC. 

Similarly  GF  1  AC.    .'.  HE  II  GF. 

In  a  similar  manner  EF  ||  HG. 

.'.  EFGH  is  a  parallelogram. 

269.  Proposed  by  W.  P.  Russell,  Claremont,  Cal. 

Having  a  cylindrical  tank  on  its  side  resting  on  a  horizontal  planer 
required  the  depth  to  which  it  must  be  filled  to  contain  a  certain  number 
of  gallons. 

I.  Solution  by  H.  E.  Trefethen,  Waterville,  Me. 

If  no  table  of  areas  and  heights  of  segments  in  unit  circle  is  at  hand, 
the  following  method  may  be  used. 

Let  O  be  the  center  and  AB  the  water  line  on  one  end  of  the  tank. 
Put  r  =  the  radius  and  x  =  the  arc  AB.  Then  area  of  sector  AOB  = 
^r*x,  area  of  triangle  AOB  =  \^r*smx.  Hence  if  we  put  the  area  of 
minor  segment  AB=fer*,  which  is  readily  found,  since  the  area  of  the 
segment  covered  with  water  is  to  the  area  of  the  circle  as  the  required 
number  of  gallons  is  to  the  full  capacity  of  the  tank.  If  the  tank  is 
more  than  half  full,  the  difference  of  these  will  be  the  area  of  the  minor 
segment.    Hence  in  either  case  we  may  put 

1/2  r*x—l/2  f*  sin  jc-kr*  or  ;r-  sin  x=2k  (1) 

Now  put  x^f-hZt  /being  an  assumed  arc  as  near  to  the  value  of  jr  as  can 
be  estimated.  Then  the  sin  :r=sin  (/-♦--2r)=sin  /  cos  z-^cos  f  sin  z.  Put 
sin/=w,  cos/=«,  cos  ir=l— W2+2r*/|L--etc.,  sin  z=Z'-3^/\^-\-  etc.  Sub- 
stituting in  (1)  we  have 

/-h-8r-f«+»iW2-W5</|4_-«ar-h«j3/lL=2/fe  or 
mz*/\j_-ns^/\L-'mz*/2'^{n'l)z+2Jt+m-/=Q. 
zis  readily  found  by  Horner's  method,  when  we  have  numbers  for/,  k, 
fHf  n.    If  a  closer  approximation  is  desired,  put  /-\-z=/i  and  proceed  as 
before. 

The  required  depth  =r+^  cos  (;r/2),  the  double  sign  b^ing  taken  accord- 
ing as  the  tank  is  more  or  less  than  half  full. 

II.  Solution  by  A.  M.  Harding,  Fayetteville,  Ark. 

Let  O  be  the  center  and  AB  the  water  line  on  one  end  of  tank. 
Let  (i=radius  of  cylinder  in  inches, 

(*=depth  of  liquid  in  inches,  , 

/==length  of  tank  in  inches, 
2tf=angle  AOB, 

£=capacity  of  tank  in  gallons, 

iF=no.  of  gallons  required. 

We  have  [^a«^~>i(a-^)i/2flrf=^]/=>^  vol.  of  liquid  =  ?^. 

.  ^_  a—d    \^2ad—d*  __  231^  _    v^  _  wg 
a  a  /a*  r/g*         c 

231 
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or  ^->i  sin  2«=  ^  (1) 

Now  from  a  table  of  natural  trigonometric  functions  we  can  easily  find 
^  by  trial. 

After  finding  9  we  can  find  d  from  the  equation  cos  9=- 

Note. — ^We  must  use  radians  and  not  degrees. 
Examples.    Suppose  t=6d  in.,  a=20  in.,  c=Z26A  gals. 

(1)  Let  y=100  gallons. 

We  obtain  »-%8in2«=0.9625. 

Let  ^=72'*=12S66  radians. 

We  have  12566-%  (0.5878)  =0.9627. 

.*.  tfssTZ*'  is  a  very  dose  approximation. 

Cob  72°=  ^^^  =  ?=^    .'.  ^=(0.6910)a=13.82  inches. 

(2)  Equation  (1)  holds  even  when  g>%c^  in  which  case  tf  >90*. 
Let  ^^200  gallons;  then  ^— >^  sin  2^=1.9250. 

When  ^=1W15'  we  have  1.7497— ^(-0.3502) =1.9253. 

Cos^~^  =  ?^. 

1  a 

Whence  <f=(1.1779)as23.558  inches. 

Trigonometry. 

260a.    Proposed  by  H.  B.  Trefethen,  Waterville,  Me. 

Show  that  the  squares  of  the  sides  of  a  triangle  are  in  arithmetical  pro- 
gression, if  the  contangents  of  the  angles  are  in  arithmetic  progression. 

Solution    by  R,  M.  Mathews,  Chicago,  III, 

Let  C,  B,  A  be  the  angles  of  any  triangle  arranged  in  descending  order  of 
magnitude.    Then  by  the  law  of  cosines 

^^'^^^ST-'  «^»=— 2A?-'  «^^=— 22r— 

If  D  be  the  diameter  of  the  circumcircle,  then  by  the  law  of  sines: 

sin  C=  C'D,  sin  B=  ^-D,  sin  A=  a-D. 

Consequently 

cot  C  =     ^  ,    -     »    cot  B  =     ^'      -     ,    cot  A  s  _-i____-. 
2adrD  2a^^  D     '  2a^  D 

By  hypothesis  these  functions  are  in  arithmetic  progression,  so  cot  B 
is  the  arithmetic  mean  between  cot  C  and  cot  A. 

cot  C  +  cot  A  =  2  cot  B, 
gives      tf*-K"=2*«. 
But  this  last  equation  says  that  b*  is  the  arithmetic  mean  between  a* 
and  c*. 

Remark.  It  is  of  interest  to  inquire  what  relation  holds  if  the  squares 
of  the  cotangents  be  in  arithmetic  progression.  By  means  of  the  rela- 
tions above,  we  find  that 

cot  •C  +  cot  U  =  2  cot  «B 
implies    ^^-ffl«^=2fl«<^. 
This  may  be  expressed :  If  the  squares  of  the  cotangents  of  the  angles 
of  a  triangle  be  in  arithmetic  progression  and  the  sides  in  order  be  a,  b,  c, 
then  the  squares  of  the  cyclic  products  in  pairs,  namely : 

frV,  cV,  a'b* 
are  in  arithmetic  progression. 
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CREDIT  FOB  SOLXTTIONS  SEOEIVED. 

259.  R.  £.  Bowman,  A.  M.  Hardingi  Richard  Morris.    (3) 

260.  S.  F.  Atwood,  T.  M.  Blakslee,  A.  M.  Harding,  G.  I.  Hopkins,  Ger- 

trude L.  Roper.     (5)    , 

261.  A.  M.  Harding,  Orvillc  Price.    (2) 

262.  A.  M.  Harding,  H.  £.  Trefethen.     (2) 

263.  Olaf  K.  Lie.    (1) 

264.  H.  E.  Trefethen.    (1) 

265.  T.  M.  Blakslee,  E.  G.  Berger,  Jennie  K.  Bresel,  C.  D.  Donaldson, 

H.  H.  Downing,  John  M.  Gallagher,  J.  G.  Gwartney,  A.  M.  Hard- 
ing, Irvin  £.  Kline,  R.  M.  Mathews,  H.  G.  McCann,  C.  A.  Perrigo, 
Nelson  L.  Roray,  H.  H.  Seidell,  Elmer  Schuyler,  J.  M.  Townsend 
(2  solutions),  H.  E.  Trefethen,  I.  L.  Winckler.    (19) 

266.  C.  D.  Donaldson,  A.  M.  Harding,  G.  I.  Hopkins,  Irvin  E.  Kline,  R. 

M.  Mathews,  T.  E.  Peters,  Nelson  L.  Roray,  H.  H.  Seidell,  Elmer 
Schuyler,  H.  E.  Trefethen,  I.  L.  Winckler.     (11) 

267.  Jennie  K.  Bresel,  E.  L.  Brown,  H.  H.  Downing,  A.  M.  Harding, 

Nelson  L.  Roray,  Elmer  Schuyler,  H.  H.  Seidell,  J.  M.  Townsend, 
H.  E.  Trefethen,  I.  L.  Winckler.    (10) 

268.  Jennie  K.  Bresel,  H.  H.  Downing,  A.  M.  Harding,  H.  G.  McCann, 

Nelson  L.  Roray,  Elmer  Schuyler,  H.  H.  Seidell,  J.  M.  Townsend, 
H.  E.  Trefethen,  I.  L.  Winckler.    (10) 

269.  A.  Dawkins,  A.  M.  Harding,  Nelson  L.  Roray,  H.  E.  Trefethen.   (4) 
269j.  Jennie  K.  Bresel,  H.  H.  Downing,  A.  M.  Harding,  Nelson  L.  Roray, 

H.  H.  Seidell,  Elmer  Schuyler,  J.  M.  Townsend.  H.  E.  Trefethen, 
I.  U  Winckler.     (9) 
Total  number  of  solutions,  72, 

PBOBLEMS  FOB  S0LX7TI0N. 

Algebra. 

277.    Proposed  by  Ruby  Albert,  Denver,  Colo. 
Solve  by  quadratics: 

3;ry— 4^— 4>=0  (1) 

x»+^+:tr+y-26=0  (2) 

27&    Selected. 
For  what  values  of  x  is 

(a)    — ■ h      ,      a  minimum: 

{d)    (^+2^+l)(7— ;r*— 2;r)  a  maximum? 

Oaometry. 

279.  Proposed  by  Elmer  Schuyler,  Brooklyn,  'N.  Y. 

Given  the  three  diagonals  of  an  inscriptible  quadrilateral,  to  construct 
the  quadrilateral. 

If  the  internal  diagonals  are  10  and  12  and  the  external  is  20,  what  are 
the  lengths  of  the  sides? 

280.  Proposed  by  D.  A.  Lehman,  Goshen,  Ind. 

Prove  that  the  dihedral  angle  of  a  regular  octahedron  is  the  supplement 
of  the  dihedral  angle  of  a  regular  tetrahedron. 
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28L    Proposed  by  H.  H,  Downing,  Lexington,  Ky. 
Prove : 

(a)  The  sum  of  the  squares  of  the  lines  drawn  from  any  point  of  a 
circle  to  the  angular  points  of  a  regular  inscribed  polygon  of  n  sides  is 
equal  to  2nR\ 

(b)  The  sum  of  the  squares  of  all  the  lines  of  connection  of  the 
angular  points  of  a  regular  polygon  of  n  sides,  inscribed  in  a  circle  of 
radius  R,  is  n*R". 

SCIENCE  QUESTIONS. 

By  pRANiaiN  T.  Jones, 
University  School,  Cleveland,  Ohio, 

Our  readers  are  invited  to  propose  questions  for  solution — scientific  or 
pedagogical — and  to  answer  the  questions  proposed  by  others  or  by  them- 
selves. Kindly  address  all  communications  to  Franklin  T,  Jones,  Univer- 
sity School,  Cleveland,  Ohio. 

Examination  Questions  in  Physics. 

The  following  set  of  questions  was  used  at  a  term  examination  at 
University  School  in  December,  1911.  Twelve  only  took  this  examina- 
tion, of  whom  four  stood  90  or  above;  one  stood  88;  four  between  70 
and  80;  two  between  60  and  70;  one  stood  below  60.  As  in  examinations 
for  college  entrance,  the  passing  mark  was  taken  as  60  and  the  papers 
marked  with  corresponding  rigidity. 

As  always,  there  was  some  confusion  in  ideas.  The  chief  obstacle  to 
success  was  a  command  of  clear  and  idiomatic  English  in  which  to  ex- 
press ideas. 

1.  State  the  facts  concerning  the  acceleration,  velocity,  and  distance 
traveled  for  a  falling  body. 

2.  How  high  is  a  balloon  from  which  a  body  would  fall  to  the  earth 
in  10  seconds?    With  what  velocity  would  it  strike? 

3.  What  is  force?  inertia?  momentum?  energy?  work?  Explain  the 
differences  between  force  and  work;  work  and  energy. 

4.  Explain  why  a  pendulum  is  used  in  a  clock.  Explain  how  a  pen- 
dulum illustrates  transformation  of  energy. 

5.  State  the  principle  of  the  parallelogram  of  forces  and  explain  its 
application  in  the  inclined  plane.  Does  an  inclined  plane  help  to  decrease 
the  work  done?    Explain. 

6.  Describe  the  use  of  a  lever  to  pry  up  a  stone.  State  the  law  of  the 
lever.    Compare  the  wheel  and  axle  with  the  lever. 

7.  Define  specific  gravity.  Explain  how  to  calculate  the  specific  grav- 
ity of  any  substance.  Describe  how  to  determine  the  specific  gravity  of 
a  piece  of  tin. 

8.  Describe  the  hydraulic  press.  Explain  why  water  runs  from  a 
hydrant. 

9.  Why  is  gravity  greater  at  the  poles  than  at  the  equator?  Give  two 
reasons. 

10.  State  Boyle's  Law.  Explain  why  the  atmosphere  is  densest  near 
the  earth's  surface. 

Solntions. 

Proposed  by  E.  Carl  Watson,  Lafayette,  Ind. 

What  are  the  proper  dimensions  for  resonance  boxes  to  give  best  re- 
sults with  forks  C,,  D,  E,  F,  G,  A,  H,  C,? 

Answer  by  Wm,  Gaertner  of  Wm,  Gaerfner  &  Co.,  Instrument  Makers, 
Chicago,  III. 
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In  respect  to  information  on  resonance  boxes  I  regret  to  say  that  we 
have  never  thoroughly  studied  this  problem.  We  have  been  making  our 
boxes  of  the  same  dimensions  as  these  of  Dr.  Edelmann,  Miinchen,  Ger- 
many. With  these  boxes  you  are  no  doubt  familiar,  but  I  send  you 
below  the  sizes  in  millimeters. 

Cj  297     mm.  x  81  mm.  x  43  mm. 
D  258     mm.x81  mm.x43  mm. 
E2a2     muLxSl  nun.x43  mm. 
F  219    mm.  x  81  mm.  x  43  mm. 
G  190     mm.  x  81  mm.  x  43  mm. 
A  166.1  mm.  x81  mm.  x43  mm. 
H  153     mm.  x  62  mm.  x  36  mm. 
C,  142     mm.  x  62  mm.  x  36  mm. 
I  understand  that  in  order  to  get  the  maximum  intensity  of  a  reso- 
nance box  the  length  should  be  a  multiple  of  the  wave  length  of  the 
note  for  which  it  is  to  be  used.     In  this  case  the  box  will  vibrate  to- 
gether with  the  fork  and  give  a  very  strong  sound,  but  of  short  duration. 
Since  it  is  usually  more  desirable  to  have  a  long  vibrating  fork  we  cut 
the  boxes  slightly  shorter  than  they  should  be  according  to  theory  and 
obtain  longer  vibration. 

We  have  measured  other  boxes  from  different  European  makers,  Dr. 
Edelmann,  Max  Kohl  and  Koenig,  etc.,  but  no  two  are  alike  and  there  is 
a  difference  of  as  much  as  about  five  per  cent  in  length. 
66.    Proposed  by  O.  R,  Sheldon,  Chicago,  III. 

A  match  may  easily  set  fire  to  a  shaving,  but  not  to  a  block  of  the 
same  material.    Why? 
Answer  by  the  Editor. 

The  heat  of  the  match  is  sufficient  in  amount  and  intensity  to  start  the 
distillation  of  gases  whose  combustion  is  commonly  regarded  as  the 
burning  of  the  wood.  The  heat  is  sustained  by  the  combustion  of  these 
gases  until  the  whole  shaving  is  afire.  In  the  case  of  the  block  the 
match  does  not  supply  heat  enough  to  raise  the  temperature  to  the  dis- 
tillation point. 


ARTICLES  m  OUBBENT  PEBIODIOALS. 

American  Botanist  for  November:  "The  Smooth  or  Meadow  Phlox," 
Willard  N.  Clute;  "November  Waifs,"  Dr.  W.  W.  Bailey;  "Asters,"  B. 
O.  Wolden;  "Root  Punctured  by  Root,"  Charles  E.  Bessey. 

American  Forestry  for  December:  "Building  the  World's  Highest 
Dams,"  C.  J.  Blanchard,  with  four  illustrations;  "Studies  for  Reforesta- 
tion," A.  G.  Hamel,  with  four  illustrations;  "Logging  on  a  National  For- 
est," Sidney  L.  Moore,  with  eight  illustrations;  "Penn  State  College  Out- 
lines a  New  Undergraduate  Course  in  Forestry,"  H.  P.  Baker,  with  five 
illustrations;  "Scientific  Management  and  the  Lumber  Industry,"  R.  C. 
Bryant;  "Disposal  of  Fire-Killed  Timber  on  the  Sopris  National  Forest," 
John  McLaren;  "Vermont  Summer  School  of  Forestry  and  Horticul- 
ture," R.  A.  Chandler,  with  four  illustrations. 

American  Naturalist  for  December:  "The  Inheritance  of  Color  in 
Short-horn  Cattle,"  H.  H.  Laughlin;  "Studies  on  Melanin,"  Dr.  Ross 
Aiken  Gortner. 

Education  for  December:  "The  Public  School  Course  of  Study,"  S.  S. 
Stockwell;  "The  Mission  of  the  Private  School,"  Nelson  A.  Jackson; 
"Training  for  Social  Efficiency,"  Laura  H.  Wild;  "The  Supervision  of 
Teachers,"  E.  H.  Fishback. 
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Educational  Psychology  for  December :  "The  Aims,  Values,  and  Meth- 
ods of  Teaching  Psychology  in  a  Normal  School,"  J.  Mace  Andress; 
"On  Methods  of  Mental  Measurement,  Especially  in  School  and  College," 
A.  P.  Weiss;  "Pedagogical  Problems  in  Nature  Study,"  Frederick  L. 
Holtz. 

Journal  of  Geography  for  December:  "The  Importance  and  Possibili- 
ties of  Geography  in  Elementary  Schools,"  A.  C.  Bowen;  "The  General 
Circulation  of  the  Atmosphere,"  Annie  L.  Weller;  "The  World's  Great 
Rivers— The  St.  Lawrence,"  V.  C.  Finch;  "Commerce  of  the  World  in 
1910;"  "The  Jordan  Valley,"  Frederick  Homburg. 

l/Enseignement  Mathimatique  for  November:  "Commission  Interna- 
tionale de  L'enseignement  mathematique :  Compte  rendu  du  Congres  de 
Milan  (18-21  septembre,  1911)  publi6  par  H.  Fehr.  secretaire-general  de 
la  Commission." 

Mathematical  Gazette  for  December:  "The  Aim  and  Method  of  School 
Algebra,"  T.  P.  Dunn ;  "The  Theory  of  Order,  as  Defined  by  Boundaries," 
E.  T.  Dixon;  "The  'Meraner  Lehrplan'  Mathematical  Curriculum  for 
Gymnasia,"  translated  by  E.  A.  Price. 

Popular  Astronomy  for  January:  "Solar  Halos  of  November  Third," 
Frederick  Slocum;  "Peculiar  Movements  of  the  Sun,  Earth,  and  Stars," 
John  Candee  Dean;  "Solar  and  Lunar  Declination,"  Frederick  Camp- 
bell; "Review  of  Poincare's  Lectures  on  Cosmogony,"  T.  J.  J.  See;  "A 
Modem  Look  at  the  Universe,"  Henry  Olerich;  "The  Occultations  of 
Mars  of  January  1  and  28,  1912,  as  Visible  in  the  United  States." 

Popular  Science  Monthly  for  December :  "Science  among  the  Chinese," 
C.  K.  Edmunds;  "Why  do  Certain  Living  Forms  Produce  Light?"  F. 
Alex.  McDermott;  "The  Water  Relations  of  Desert  Plants,"  D.  T.  Mac- 
Dougal;  "Buffon  and  the  Problem  of  Species,"  Arthur  O.  Lovejoy;  "Pro- 
tozoan Germ  Plasm,"  Gary  N.  Calkins;  "Adamas,  or  the  Symmetries  of 
Isometric  Crystals,"  B.  K.  Emerson;  "The  Lack  of  Printing  in  An- 
tiquity," Frederic  Drew  Bond;  "Is  Vegetarianism  Capable  of  World-wide 
Application?"  Alonzo  Engelbert  Taylor. 

Photo-Era  for  December:  "A  Few  Remarks  on  Home- Portraiture  with 
Artificial  Light,"  Nathan  T.  Beers;  "The  Need  of  Legal  Restrictions  on 
the  Publication  of  Photographs,"  Henry  Leffman;  "A  Poet  of  Sunshine 
and  Mist — A  Recorder  of  Atmosphere:  Maude  Wilson,"  Sidney  Allan; 
"Practical  Retouching  for  Amateurs,"  Clara  Weisman;  "Seeing  Things 
Correctly — A  Lesson  on  the  Judging  of  Color- Values,"  William  J.  Ed- 
mondson;  "Artistic  Interiors,"  E.  H.  Weston. 

Physical  Review  for  November:  "An  Absolute  Determination  of  the 
Minimum  Ionizing  Energy  of  an  Electron,  and  the  Application  of  the 
Theory  of  Ionization  by  Collision  to  Mixtures  of  Gases,"  Edwin  S. 
Bishop;  "Studies  in  Luminescence.  XVI.  The  Fluorescence  and  Ab- 
sorption of  Certain  Uranyl  Salts,"  Edw.  L.  Nichols  and  Ernest  Mer- 
ritt;  "Determination  of  Peltier  Electromotive  Force  for  Several  Metals 
by  Compensation  Methods,"  A.  E.  Caswell;  "The  Recovery  of  the  Giltay 
Selenium  Cell  and  the  Nature  of  Light  Action  in  Selenium,^'  F.  C.  Brown ; 
"Thermal  Conductivity  at  High  Temperatures,"  M.  F.  Angell;  "On  the 
Fatigue  of  Metals  Subjected  to  Roentgen  Radiation,  in  the  Presence  of 
Chemically  Active  Gases,"  Edward  G.  Rieman;  "New  Records  of  Sound 
Waves  from  a  Vibrating  Flame,"  Joseph  G.  Brown. 

School  Review  for  December:  "The  Disintegration  of  a  High  School 
Class,"  Freeman  E.  Lurton;  "Some  Aspects  of  the  Child  Welfare  Prob- 
lem in  the  New  York  High  Schools,"  Benjamin  C.  Gruenberg. 

School  World  for  December:  "An  Experiment  in  Elementary  Wood- 
work. II.  (Illustrated),"  T.  S.  Usherwood;  "Geographical  Books  for 
the  School  Library,"  B.  C.  Wallis;  "The  Value  of  Science,"  Francis  Dar- 
win;  "Personal  Paragraphs,"  Onlooker;  "The  Teaching  of  Housecraft;" 
"The  Health  of  the  Children;"  "Secondary  Education  in  Scotland." 
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THE  INTEBNATIOKAL  00MMI8SI0N  ON  THE  TEACHINa  OF 
MATHEMATICS,  SESSION  AT  MILAN. 

The  International  Commission  on  the  Teaching  of  Mathematics  held 
its  first  regular  session  at  Milan,  Italy,  September  18-21,  1911,  a  pre- 
liminary session  having  been  held  at  Brussels,  Belgium,  in  August,  1910. 
There  were  present  the  representatives  of  Austria,  British  Isles,  Den- 
mark, Germany,  Hungary,  Italy,  Norway,  Russia,  Sweden,  Switzerland. 
None  of  the  American  members  was  able  to  be  present. 

Reports  of  the  state  of  advancement  of  the  work  in  various  nations 
were  presented  and  plans  were  adopted  for  the  session  of  the  Commis- 
sion in  connection  with  the  International  Congress  of  Mathematicians 
to  be  held  at  Cambridge,  England,  in  August,  1912.  A  central  deposi- 
tory for  all  publications  relative  to  the  work  of  the  Commission  was  es- 
tablished with  Messrs.  Georg  and  Co.,  Geneva,  Switzerland,  from  whom 
any  reports  desired  can  be  purchased.  (It  will  be  recalled  that  the  Amer- 
ican reports  are  now  being  published  as  Bulletins  of  the  United  States 
Bureau  of  Education,  and  can  be  obtained  free  upon  request.) 

The  Commission  also  received  and  discussed  the  reports  of  two  sub- 
commissions  appointed  to  consider  the  following  questions:  Subcommis- 
sion  A  (Messrs.  F.  Klein,  Gottingen,  Germany,  chairman;  M.  Beke 
Budapest,  Hungary;  C.  Bioche,  Paris,  France;  W.  Lietzmann,  Barmen, 
Germany;  G.  Scorza,  Palermo,  Italy;  J.  W.  A.  Young,  Chicago,  U.  S.  A.)  : 
I.  To  what  extent  can  the  work  of  secondary  schools  take  account  of 
systematic  exposition  of  mathematics?  II.  The  question  of  the  fusion 
of  the  different  branches  of  mathematics  in  secondary  instruction. 

Subcommission  B  (Messrs.  F.  Klein,  Gottingen,  Germany,  chairman; 
C.  Bourlet,  Paris,  France ;  H.  Fehr,  Geneva,  Switzerland ;  C.  Somigliana, 
Turin,  Italy;  P.  Staeckel,  Carlsruhe,  (Germany;  W.  Wirtinger,  Vienna, 
Austria)  :  How  should  the  mathematical  work  of  prospective  students 
of  physics  and  the  natural  sciences  be  organized,  in  order  to  lead  them 
directly  to  their  goal? 

A  full  account  of  the  session  of  the  Commission  is  given  in  L'  Bnseigne- 
ment  MathimaHque,  November  15,  1911. 


KANSAS  ASSOCIATION  OF  MATHEMATICS  TEACHERS. 

The  eighth  annual  meeting  of  this  association  was  held  Friday,  Nov.  10, 
1911,  at  Topeka,  Kansas,  in  the  Audience  Room  of  the  Unitarian  Church. 
The  meeting  was  called  to  order  at  2  p.  m.  by  the  president,  C.  H.  Ashton, 
of  the  University  of  Kansas. 

Professor  U.  G.  Mitchell  of  the  University  of  Kansas  spoke  on  "The 
Growth  of  Algebraic  Symbolism."  Preceding  his  lecture,  he  distributed 
copies  of  his  booklet  on  the  subject  -  He  went  into  considerable  detail 
concerning  the  development  of  symbolism  and  the  reasons  why  it  is 
interesting  and  helpful  to  trace  the  development. 

Professor  R.  L.  Short,  Principal  West  Technical  High  School,  Cleve- 
land, Ohio,  gave  an  address  on  "Mathematical  Work  in  the  Vocational 
Schools  of  Cleveland." 

Professor  W.  A.  Harshbarger  of  Washburn  College,  Topeka,  Kansas, 
read  a  paper  on  "A  Comparison  of  the  Teaching  of  Elementary  Mathe- 
matics in  this  Country  and  Europe."  He  used  charts  to  make  clear  the 
points  he  brought  out  in  his  comparison. 

These  three  papers  were  followed  by  a  general  discussion  upon  the 
above  topics. 
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The  last  subject  on  the  program  was  a  "Note  on  the  Quadratic"  hj 
Professor  Short 

The  membership  remains  practically  the  same  as  last  year.  A  good 
list  of  subscriptions  was  taken  for  Schooi,  Science  and  Mathematics. 

The  officers  for  the  ensuing  year  are: 

President,  W.  H.  Andrews,  State  Agricultural  College,  Manhattan. 

Vice-President,  Fiske  Allen,  State  Normal,  Emporia. 

Secretary-Treasurer,  Eleanora  Harris,  High  School,  Hutchinson. 


NORTH  DAKOTA  ASSOCIATION  OF  SCIENCE  AND  MATHE- 
MATICS TEACHERS. 

The  fifth  annual  meeting  of  the  North  Dakota  Association  of  Science 
and  Mathematics  Teachers  was  held  at  the  University  of  North  Dakota, 
Dec  2,  1911.  Sessions  were  held  in  the  morning  and  afternoon,  and 
forty  members  were  in  attendance. 

The  program  consisted  entirely  of  informal  discussions  of  a  previously 
announced  series  of  topics,  each  of  which  was  introduced  by  a  brief 
paper  or  talk  by  some  member  to  whom  it  had  been  assigned  in  advance. 
Speakers,  except  those  introducing  each  heading,  were  limited  to  five 
minutes,  and  very  spirited  and  helpful  debates  ensued.  The  relative  place 
of  l>otany  and  zoology  in  the  high  school  course  received  especial 
attention. 

The  program   included  the   following  topics,   and   also   others   upon 
which  less  time  was  spent: 
The  Place  of  Physiology  in  the  School  Curriculum. 
Botany  and  Zoology;  is  it  better  to  offer  in  the  High  School  a  half 
year  of  each  or  a  whole  year  of  one? 
The  Need  of  Specimen  or  Supply  Cabinets  in  the  Public  Schools. 
To  What  Extent  can  Meteorology  Conveniently  be  Taught   in   the 
High  School?    The  Division  of  Time  among  Topics  in  Physiography. 
Physics  in  the  High  School 

Item:    Uniformly   Accelerated   Motion,   the   bone   of   contention 

among  teachers. 
Item:   Can  Wireless  Telegraphy   be  understood   by  high  school 
scholars? 
Arithmetic  in  the  grades:  Are  there  Defects  in  the  Final  Result,  or 
Undue  Emphasis  on  Any  Portions? 

Item:    Square  Root  and  Cube  Root 
Item:    Lack  of  Accuracy  in  the  Fundamental  Operations. 
Item:    Ratio  and  Proportion. 

Item :    Neglect  to  develop  the  habit  of  using  "Round  Numbers"  as 
a  check  on  computations. 
The  Metric  System  is  the  System  of  More  than  Half  the  Civilized 
World;  When  and  How  Much  Ought  to  be  Taught  Here? 

Committees  were  appointed  to  report  on  physiography  and  some  other 
topics.    The  following  officers  were  elected  for  the  ensuing  year : 
President,  Principal  W.  C  Stebbins,  High  School,  Grand  Forks,  N.  D. 
Vice-President,  Professor  E.  G.  Burch,  State  Science  School,  Wahpe- 

ton,  N.  D. 
Secretary,  Professor  L.  B.  McMullen,   State  Normal  School,  Valley 
City,  N.  D. 

E.  F.  Chandler,  Retiring  President. 
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REPORT  OF  THE  SIXTIETH  MEETHTG  OF  THE  EASTERN  AS- 
SOCIATION OF  PHYSICS  TEACHERS. 

This  meeting  was  held  Saturday,  December  2,  at  the  Howard  Univer- 
sity Observatory.  It  was  called  to  order  by  President  Griswold,  who 
introduced  Professor  Pickering,  director  of  the  observatory,  who  gave  a 
most  interesting  talk  on  what  had  been  and  what  was  being  done,  especi- 
ally in  the  direction  of  photometry  of  the  stars  at  this  observatory. 

A  tour  of  inspection  of  the  observatory  grounds  and  buildings  was 
participated  in  by  all  the  members  present.  This  part  of  the  program  was 
particularly  enjoyable  and  interesting  as  the  inner  working  of  the  depart- 
ment was  explained. 

Valuable  reports  from  the  standing  committees  on:  New  Apparatus, 
Magazine  Literature  and  Current  Events  in  Physics  were  presented. 
It  is  hoped  that  the  committee  on  New  Apparatus  will  prepare  its  report 
for  publication  in  School  Science  and  Mathematics. 

Several  new  members  were  elected  to  the  Association. 

Dr.  Arthur  Amadon  of  Boston  delivered  a  splendid  address  on  "The 
Uses  of  the  Spectacle  Lenses  for  the  Correction  of  Refractive  and  Other 
Errors  of  the  Eyes  and  the  Instruments  Used  for  Determining  Such 
Errors."  This  was  a  most  interesting  and  helpful  talk.  It  is  hoped  that 
the  paper  will  be  published  in  this  Journal. 

Professor  Harry  W.  Morse  of  Harvard  University  then  spoke  on  the 
subject  of  "The  Compound  Microscope."  He  called  attention  to  some  of 
the  newer  adaptations  of  the  Compound  Microscope,  explaining  what  re- 
markable advances  had  been  made  in  the  construction  and  uses  of  this 
instrument  within  the  last  ten  years. 

After  this  address  the  members  were  given  the  special  privilege  of 
being  permitted  to  visit  the  renowned  Clock  Lens  Works.  Many  interest- 
ing points  of  especial  importance  to  physics  teachers  were  here  made 
known. 

At  the  evening  session,  held  at  the  Boston  City  Club,  Vice-President 
Fred  H.  Cowan  gave  the  annual  address.  He  called  attention  to  the 
different  phases  of  work  in  which  the  Association  has  engaged  and  also 
to  the  valuable  work  which  it  has  already  done. 

Following  this  address  a  discussion  of  the  topic:  "The  Scope  and 
Content  of  a  Physics  Course  in  Secondary  Schools"  was  dealt  with.  On 
the  whole  this  meeting  was  one  of  the  most  helpful  ever  held  by  the 
Association.  C.  H.  S. 


STIRRING  RODS. 

By  Nicholas  Knight, 
Cornell  College, 
Instead  of  the  ordinary  solid  rod  we  have  used  for  years  in  our  labora- 
tory glass  tubing  three  sixteenths  or  four  sixteenths  inch  in  diameter. 
These  tubes  are  cut  into  convenient  lengths  and  the  ends  fused  together 
in  the  Bunsen  burner  or  the  blast  lamp.  These  are  lighter  and  stronger 
than  the  solid  rod  for  the  same  reason  that  the  cones  are  hollow.  And 
they  are^  less  liable  to  break  the  beaker  glass.  Continued  and  vigorous 
stirring  is  desirable  in  many  experiments  in  general  chemistry.  In  quali- 
tative and  quantitative  analysis  the  reactions  often  take  place  only  after 
considerable  stirring.  "Spare  the  rod  and  spoil  the  analysis"  is  a  very 
proper  maxim  for  the  analytical  laboratory.  The  hollow  rod  is  an  ob- 
vious advantage  and  it  will  prolong  the  life  of  many  a  beaker  glass  and 
avoid  beginning  over  again  an  experiment  or  an  analysis. 
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NEW  ENGLAND  TREES  IN  WINTER. 

Is  the  title  of  bulletin  No.  69  just  issued  by  the  Storrs  Agricultural 
Experiment  Station  of  Connecticut,  the  authors  being  A.  F.  Blakeslee, 
Professor  of  Botany,  Connecticut  A^icultural  College,  and  C.  D.  Jarvis, 
Horticulturist,  Storrs  Agricultural  Experiment  Station. 

This  bulletin  has  descriptions  and  illustrations  of  one  hundred  and 
eleven  of  the  common  trees  of  New  England  as  they  appear  in  winter. 
A  tree  in  winter  is  quite  a  different  proposition  from  the  same  tree  in 
summer  when  the  branches  are  all  hidden  by  foliage.  This  bulletin  not 
only  describes  the  trees  and  their  habits  of  growth,  but  the  illustrations 
show  the  complete  tree  and  its  branching  habits,  the  bark  and  buds  and 
in  many  cases  the  seeds  or  fruit.  All  the  illustrations  are  from  original 
photographs  of  living  trees,  no  museum  specimens  being  used.  In  the 
preface  the  authors  state  there  is  no  general  work  upon  American  trees 
which  combines  illustrations  of  the  individual  forms  with  keys  for  their 
identification  based  upon  winter  characters.  The  forester  and  lumber- 
man, however,  are  more  called  upon  to  distinguish  trees  in  winter  when 
leaves  and  flowers  are  fallen,  than  in  summer.  Trees,  as  the  most  con- 
spicuous elements  in  the  winter  landscape,  must  also  appeal  to  the  student 
of  outdoor  life. 

The  interest  shown  by  classes  of  school  teachers  in  the  summer  school 
in  identifying  specimens  of  twigs  collected  the  previous  winter  indicated 
that  the  winter  study  of  trees  can  be  taken  up  with  enthusiasm  by  teach- 
ers in  their  schools.  In  our  experience,  the  winter  identification  of  trees 
has  proven  to  students  one  of  the  most  interesting  subjects  of  their 
course.  It  is  of  decideu  value  for  its  training  in  the  power  of  accurate 
observation.  The  work  comes  at  a  time  when  material  for  natural  his- 
tory study  seems  scanty  and  might  therefore  be  used  to  bridge  over  the 
period  between  fall  and  spring  which  are  unfortunately  considered  by 
many  the  only  seasons  when  study  of  outdoor  life  is  possible  in  the 
schools.  A  tree  in  winter  is  far  from  being  the  characterless  object 
many  believe.  Freed  from  its  covering  of  leaves,  the  skeleton  of  the 
tree  is  revealed  and  with  the  method  of  branching  thus  clearly  discernible, 
the  species  may  generally  be  more  readily  identified  at  a  distance  than  in 
its  summer  garb.  There  are  many  forms,  moreover,  that  are  difficult 
to  distinguish  from  summer  features  alone  but  which  in  winter  have  twig; 
bud,  or  other  chai'acters  which  make  their  separation  comparatively  easy. 
It  is  believed  that  the  combination  of  keys,  text,  and  illustrations  from 
photographs  will  furnish  assistance  which  the  current  texts  fail  to 
supply  and  render  the  identification  of  our  common  trees  in  winter  a 
relatively  simple  task. 

Upon  request  copies  of  this  bulletin  will  be  sent  free  to  all  teachers  of 
Connecticut  and  to  others  who  are  specially  interested  in  trees.  Address 
Storrs  Agricultural  Experiment  Station,  Storrs,  Conn. 


on.  IN  ALASKA. 


Petroleum  has  been  found  in  Alaska,  and  while  there  has  been  prac- 
tically no  production,  it  is  not  impossible,  according  to  the  United  States 
Geological  Survey,  that  commercial  pools  may  be  found.  Oil  seepages  oc- 
cur on  the  west  shore  of  Cook  Inlet,  on  the  east  side  of  the  Alaska  Penin- 
sula, and  on  Controller  Bay,  all  close  to  tidewater,  and  hence  capable  of 
cheap  development. 
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SCIENTIFIC  INSTRUMENT  MAKERS 


Grand  Prizm  of  World'a  Exhibition,  BtummU,  1910, 
and  Turin,  1911,  High  Honors. 

INSTRUMENTS  OF  PRECISION.  ALL  KINDS  OF  PHYSICAL  APPARATUS 


Looser'*  and  Kolbe's  Thermoscopes  with  all  Accessories 
Dr.  Gaede*s  High  Vacuum  Pumps 

Vacuum  0.00001  mm  Hg. 

Universal  Rotary  Air  Pumps 

Vacuum  0,01  mm  Hg. 

Vacuum  Gauges,  Etc. 

DeKvery  free  New  York  or  Baltimore.     Guarantee  of  delivery  in 

working  condition.     Discharge  of  all  formalities  at  the  Customs. 

EnsUsh  CataloKue  with  Prices  in  $  sent  on  application. 
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BOOKS  EEGEIVED. 

Wiadomosci  Mathematyczne. .  Tom  XV,  1911.  Editor,  S.  Dickstein, 
Warszawa. 

Elementoj  de  la  Geometrio  Absoluta.  By  Dro  Cyrillo  Voros,  Pro- 
fesoro  de  L'piaj  Lernejoj.     Budapest.     Paper.     Pp.  104.     1911. 

Analitika  Geometrio  Absoluta.  Unua  Volumo,  La  Ebeno  Bolyai-a. 
Dua  Voluma,  La  Spaco  Bolyai-a.  By  same  author.  Paper.  Pp.  132,  196. 
1910-1911. 

New  England  Trees  in  Winter,  by  A.  F.  Blakeslee  and  C.  D.  Jarvis. 
271  pages.  (See  description  on  page  162.)  Publishers,  Storrs  Agricultural 
Experimental  Station,  Storrs,  Conn. 

A  Practical  Course  in  Botany,  by  E.  F.  Andrews  and  Francis  E.  Lloyd. 
Pages  3di+373.  15x21  cm.  Cloth,  1911.  American  Book  Company,  New 
York. 

Elementary  Applied  Mechanics,  by  Arthur  Morley  and  William  Inchley, 
viii+382.    13x19  cm.    Cloth,  1911.    Longmans,  Green  &  Co.,  New  York. 

Elements  of  Religious  Pedagogy,  by  Fred  Lewis  Pattee,  Pennsylvania 
State  College.  224  pages.  14x20  cm.  Cloth,  1909.  Eaton  &  Mains,  New 
York. 

Productive  Farming,  by  Kary  Cadmus  Davis,  New  Jersey  College  of 
Agriculture.  Pages  viii+357.  14x19  cm.  Cloth,  1911.  J.  B.  Lippincott 
Company,  Philadelphia. 

Brief  Course  in  Analjrtic  Geometry,  by  J.  H.  Tanner  and  Joseph  Allen. 
Pages,  x+282-|-xxiv.  13x18  cm.  Cloth,  1911.  American  Book  Company, 
New  York. 

An  Introductory  Algebra,  by  John  H.  Walsh,  Associate  Supt.  of 
Schools,  New  York.  Pages  ix-l-214.  13x18  cm.  Cloth,  1911.  D.  C. 
Heath  &  Co.,  Boston. 


BOOK  REVIEWS. 


Elements  of  Applied  Mathematics,  by  Herbert  E,  Cobb,  Professor  of 
Mathematics,  Lewis  Institute,  Chicago.  Pages  vii 4-274.  Price  $1.00, 
Ginn  and  Company,  Boston. 

All  progressive  teachers  of  mathematics  in  secondary  schools  will  find 
a  deep  satisfaction  in  examining  this  book,  because  it  is  such  an  excellent 
embodiment  of  the  reforms  toward  which  we  are  striving  in  secondary 
mathematics  teaching.  We  are  coming  more  and  more  to  see  that  in 
past  teaching  the  formal,  abstract,  and  purely  theoretical  phases  of  the 
mathematical  subjects  in  secondary  schools  have  been  too  strongly 
emphasized,  and  that  these  subjects  should  be  made  of  greater  real  service 
to  the  student.  To  make  these  subjects  of  vital  service  to  the  student  they 
must  contribute  greatly  to  the  solution  of  his  own  problems  of  experi- 
ence— ^they  must  help  him  to  do  what  he  is  actually  trying  to  do  in  shop 
work,  in  science,  and  so  on.  This  seems  to  be  the  chief  aim  of  the 
present  volume. 

The  book  attempts  to  work  out  the  problem  of  unifying  mathematics 
by  relating  arithmetic,  algebra,  geometry,  and  trigonometry  to  each  other 
through  their  simultaneous  use  in  the  student's  practical  problems  of  the 
shops  and  laboratories.  The  modern  real  problem  movement  and  the 
movement  to  unify  the  subjects  of  secondary-school  mathematics  have 
thus  found  a  sane  and  practical  realization  in  this  new  book. 

That  the  book  is  teachable  and  that  the  problems  are  real  and  well 
chosen  should  result  from  the  fact  that  the  problem  material  and  the 
organization  are  the  outgrowth  of  several  years  of  practical  experience 
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The  Biflex  Binder 


The  Biflex  Binder  fills  an  important  place  in  schools  where  loose-leaf  notebooks 
are  in  demand,  chiefly  because  it  is  cheaper,  easier,  to  handle,  and  more  dnrable 
than  other  devices,  and  be^nse  it  has  no  metal  parts  or  rings  to  deface  a  desk 
sorface.  The  Biflex  Binder  is  now  issued  in  eight  different  sizes  and  styles,  in- 
dudin^r  a  style  with  adjustable  back  which  provides  a  book  of  uniform  thickness 
throughout. 

Wriim  UB  for  nmw  dmserifiHvm  pamphimt  coniitming 
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Bergen  and  Caldwell^s  Practical  Botany 

Price  $1.30 

The  newest  hook  among  the  well-known  Bergen  Botanies. 

Practical  Botany  was  published  in  September,  1911 »  and  admirably  fills  the  great 
demand  for  a  practical  botany  which  shall  give  a  short  and  adequate  course  for 
pupils  who  wish  to  present  botany  for  college  entrance  or  for  those  who  desire  a 
good  working  knowledge  of  the  science  without  going  into  advanced  study.  Plant 
Study  has  been  made  especially  significant  to  the  pupil  by  relating  it  closely  to 
his  everyday  interests.  Much  material  that  is  valuable  on  industrial,  agricultural 
and  horticultural  subjects  is  included. 

GINN   AND   COMPANY,   PUBLISHERS 

BOSTON  NEW  YORK  CHICAGO  LONDON 

ATLANTA  DALLAS  COLUMBUS  SAN  FRANaSCO 


The  Stone -Millis  Mathematics  Series 


Stone-Millis  Grade  Arithmetics 
Stone-Mfliu  Secondary  Ariftlmietic 


Stone-Millis    Algebras 
Stone-Millis  Geometries 


A  complete  series  for  grades  and  high  school,  unique  in  extent  and  unique  in 
principle.  There  is  no  other  series  of  books  in  the  subject  of  Mathematics  that  runs 
through  the  grades  and  high  school,  all  written  by  the  same  authors.  There  is  no 
other  series  so  thoroughly  practical  and  sane.  Let  the  pupil  solve  real  problems 
that  might  conceivably  arise  in  the  lives  of  real  people,  and  not  problems  that  are 
mere  puzzles  because  the  answers  to  them  were  known  before  the  problems  were 
made.  Let  there  be  a  natural  use  for  the  work— this  is  the  unique  principle.  Such 
real  problem  material  is  used  in  these  books  as  a  concrete  setting  to  theoretical  work 
as  sound  as  ever  was  written. 

By  PROFESSOR  JOHN  C  STONE. 

state  Normal  School,  Upper  Montclairy  New  Jersey, 

and 
PROF.  JAMES  F.  MILLIS. 

Francis  W.  Parker  School,  Chicago,  Illinois. 
WRITE  US  FOR  INFORMATION 

BEN  J.  H.  SANBORN  &  COMPANY 

BOSTON  NEW  YORK  CHICAGO 
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in  actual  work  along  these  lines  by  the  author  at  Lewis  Institute.  It  is 
especially  worth  noting  that  the  method  adopted  in  the  earlier  chapters 
requires  the  student  to  obtain  his  own  data  for  many  of  his  problems 
through  measuring  and  weighing,  and  so  on.  This  is  educationally  sound, 
and  such  sources  of  problem  material  should  be  used  in  secondary  schools 
generally.  In  every  school  the  text  should  be  supplemented  by  problems 
of  local  origin  and  application. 

Certain  special  features  of  the  book  are  especially  to  be  commended. 
Chapter  I  contains  an  excellent  and  timely  treatment  of  ''Measurement 
and  Approximate  Number."  Most  numbers  encountered  in  practical  life 
are  approximate,  but  schools  have  not  generally  turned  out  students 
trained  in  handling  such  numbers  in  a  common-sense  way.  The  chapter 
on  the  use  of  squared  paper  is  refreshing,  and  contains  some  features, 
such  as  the  practical  use  of  graphs  in  determining  laws  from  data  ob- 
tained  by  observation  or  experiment,  that  are  new  to  secondary-school 
work.  The  use  of  modem  graphic  methods,  as  in  real  life,  in  the  study 
of  tables  of  values  and  in  the  solution  of  problems,  is  sanely  made 
throughout  the  book,  and  shows  how  the  graph  may  be  used  in  a  com- 
mon-sense way  in  all  mathematical  work.  Three  chapters  are  devoted 
especially  to  unifying  algebra  and  geometry,  and  teachers  will  find  in  the 
book  many  excellent  problems  on  geometrical  construction  with  algebraic 
applications  and  exercises  for  algebraic  solution  in  plane  and  solid  geom- 
etry. 

Although  this  "Applied  Mathematics"  is  especially  adapted  for  use 
in  technical  schools  and  schools  with  practical  shop  and  laboratory  work, 
in  any  high  school  where  it  is  possible  to  depart  from  traditional  methods 
the  book  can  be  used  as  a  supplementary  text  to  make  a  beginning  in 
the  unification  of  mathematics  and  to  make  a  test  of  work  in  applied 
problems.  It  will  be  found  especially  valuable  as  a  source  of  supple- 
mentary practical  problem  material  for  use  in  teaching  any  of  the  mathe- 
matical subjects  in  the  high  school.  Chapters  I- VII  may  be  used  to 
substitute  for  much  of  the  lifeless  material  usually  given  in  first-year 
algebra  courses;  Chapters  IX,  X,  and  XII  may  be  used  in  connection 
with  plane  geometry;  and  the  problems  of  the  other  chapters  may  be  used 
in  connection  with  the  study  of  advanced  algebra  or  solid  geometry. 

Teachers  will  appreciate  the  several  pages  of  excellent  bibliography 
of  works  on  elementary  practical  mathematics  given  at  the  end  of  the 
book.  James  F.  Muxis. 

Elementary  Arithmetic.  Pp  vii-f310.  15x19  cm.  1911.  Complete 
Arithmetic.  Pp.  viii+404.  15x19  cm.  1911.  By  Bruce  M.  Watson, 
Superintendent  of  Schools,  Spokane,  Wash,,  and  Charles  E,  White, 
Principal  of  Franklin  School,  Syracuse,  N,  Y,  D.  C.  Heath  &  Co., 
Boston. 

The  Elementary  Arithmetic  is  intended  to  cover  the  work  usually  done 
in  the  first  five  years  of  school.  The  material  is  well  graded  and  the 
problems  of  play,  of  trade,  and  of  industry  are  within  the  experience 
and  knowledge  of  the  child. 

The  Complete  Arithmetic  is  designed  for  use  in  the  grammar  grades. 
It  contains  a  brief  and  more  thorough  treatment  of  the  topics  included  in 
the  first  book  and  the  advanced  subjects  taught  in  the  upper  classes. 
Short  and  direct  processes  are  used  as  far  as  possible,  and  each  new  topic 
is  developed  by  means  of  oral  exercises.  These  books  should  be  examined 
by  all  teachers  of  arithmetic.  H.  E.  C. 
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The  Wm.  Gaertner  Co.t  Chicago 

THE  GAERTNER  HIGH  SCHOOL  GALVANOMETER 

This  instrument  is  a  new  and  greatly  improved  form  of 
the  inexpensive  galvanometer  originally  designed  for  the 
Millikan  &  Gale  Course.  The  improved  instrument  is 
easily  equivalent  in  sensitiveness,  convenience  and  dura- 
bility; in  fact,  in  all  the  essential  characteristics  of  a  good 
galvanometer,  to  any  $4.00,  $6.00  or  even  $10.00  instru- 
ment of  its  kind  now  in  the  market. 

Thm  improvemeniM  contut  in: 

1.  The  Suspension — made  both  above  and  below  of  phos- 
phor bronze  as  in  high  grade  instruments,  thus  dispensing 
with  all  loose  wires  and  making  it  possible  to  place  the 
binding  posts  in  a  convenient  position. 

2.  The  Closed  Top — making  a  dust-proof  case. 

3.  The  Torsion  Head — adjustable  up  and  down  so  that 
the  coil  may  be  locked  and  the  instrument  easily  and  safe- 
ly transported. 

4.  The  Lever  on  the  Torsion  Head — making  possible  an 
accurate  and  convenient  zero  setting. 

5.  The  Soft  Iron  Core — giving  a  much  stronger  field  and 
a  greatly  increased  sensitiveness. 

6.  The  Inclined  Scale — increasing  greatly  the  conven- 
ience of  reading,  either  for  a  single  individual  or  for  a 
class. 

7.  The  Leveling  Screws — greatly  increasing  the  conven- 
ience of  centering. 

Price  $2.50 
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Revolving  Vectors,  by  George  W,  Patterson,  PhJ).,  Prafutor  of  BZcr- 
trkal  Engineering,  University  of  Michigan,  Pp.  vi-t-89.  14x21  cm. 
1911.    Price,  $1.00.    The  Macmillan  Company. 

The  use  of  algebraic  and  geometric  vector  methods  in  the  theory  of 
alternating  currents  has  been  largely  developc^  by  Dr.  Charles  P.  Stein- 
metz,  and  he  has  extended  the  application  to  include  harmonic  quantities. 
To  make  clear  the  distinction  between  vector  and  hanuonic  quantities, 
the  author  begins  with  the  vector  use  and  later  ccmsiders  the  harmonic 
use  of  comiilex  quantities. 

In  the  first  two  cha{ilierfi  the  rotary  power  of  roots  of  mimis  one  and 
of  imaginary  exponents  are  discussed.  In  Chapter  III  the  use  of  complex 
quantities  is  illustrated  by  the  position  of  a  point  in  a  plane,  uniform 
circular  motion,  and  the  effect  of  damping,  spiral  motion.  Chapter  IV 
makes  use  of  vector  expressions  to  represent  simple  harmonic  quantities; 
harmonic  electro-motive  force;  harmonic  current,  impedance;  harmonic 
electro-motive  forces  in  series;  divided  current,  etc.  In  Chapter  V  the 
product  of  harmonic  quantities  is  considered  with  special  attention  to 
the  power  of  an  electric  current.  Chapter  VI  gives  applications 
to  cases  of  currents  which  are  not  really  harmonic.  The  closing  chapters 
show  how  periodic  currents  which  do  not  follow  simple  laws  may  be 
represented  by  revolving  vectors,  and  discuss  interlinked  circuits. 

H.  E.  C. 

A  Laboratory  Manual  of  Physics  for  Use  in  Secondary  Schools.  By  C 
B.  Linebarger,  Lake  View  High  School,  Chicago,  175  pages.  21x25 
cm.    Paper,  1911.    90  cents.    D.  C.  Heath  &  Co.,  Boston. 

Every  book  must  presumably  justify  its  appearance  as  better  than,  or 
different  from,  any  existing  book  on  the  subject.  On  this  theory,  Mr. 
Linebarger's  Manual  may  lay  claim  to  a  right  to  live.  It  is  a  recent  work, 
and  therefore  has  the  advantage  of  position  in  avoiding  the  errors  of  its 
predecessors.  It  has  three  features  that  deserve  one's  attention,  the 
loose  leaf  notebook  form,  a  large  use  of  "general  utility  apparatus,"  and 
many  optional  features  in  connection  with  experiments.  Like  modem 
commercial  ledgers,  the  loose  leaf  physics  manual  appears  to  be  coming 
to  stay,  and  the  author  tells  us  that  "only  a  trial  is  needed  to  convince 
one  of  its  points  of  superiority  in  laboratory  instruction."  Be  that  as  it 
may,  any  attempt  to  solve  the  knotty  problem  of  notebook  care  is  wel- 
come. The  use  of  a  "general  utility  board"  in  some  dozen  experiments 
is  a  simple  yet  effective  way  of  answering  the  question  of  how  to  get 
the  student  to  assume  his  rightful  share  in  laboratory  responsibility.  In 
schools  equipped  with  manual  training  tools,  the  making  of  the  entire 
board  from  a  drawing  furnished  is  not  only  practicable,  but  a  sure  way 
of  getting  the  boy  interested  in  the  subject  by  putting  him  to  doing  some- 
thing he  can  do,  and  that  will  be  necessary  to  his  future  laboratory  work. 
Optional  features  are  needed  in  every  class  to  take  care  of  rapid  work- 
ing or  eager  students  who  finish  before  the  others,  and  who  must  be 
kept  busy  on  pertinent  work.  The  book  has  sufficient  variety  to  enable 
one  to  offer  variable  work  from  year  to  year,  and  without  the  need  of  a 
completely  equipped  laboratory.  Best  of  all,  it  represents  the  attempt  of 
a  fully  competent  teacher  of  long  experience  to  show  which  of  the  many 
experiments  offered  in  modern  manuals  are  really  of  most  worth  in 
teaching  physics.  T.  L.  H. 
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Nature  Sketches  in  Temperate  America,  by  Joseph  Lane  Hancock.     Pp, 
451.    16x23  cm.    A.  C.  McClurg  &  Co.    Chicago,  1911.    $2.75. 

In  this  book  the  author  records  his  observations  under  the  following 
heads:  Adaptations  in  Plants  and  Animals,  Protective  Resemblance, 
Mimicry,  Warning  Colors,  Animal  Behavior,  General  Field  Observations, 
and  Ecology.  The  first  chapter  deals  theoretically  and  historically  with 
evolution  and  natural  selection.  As  these  headings  indicate,  much  emphasis 
is  given  evolutionary  matters.  Many  scientists  will,  no  doubt,  criticise  the 
author  for  his  implicit  faith  in  the  interpretations  that  are  implied  by  the 
above  chapter  headings.  With  the  exception  of  the  first  chapter,  the 
work  is  based  on  out-of-door  observations  and  contains  much  original 
material.  The  field  observations  are  presented  in  such  an  interesting  man- 
ner that  the  layman  will  enjoy  the  book,  while  at  the  same  time  they  are 
scientifically  accurate  and  are  of  much  educational  value.  The  most  com- 
mendable part  of  the  work  is  the  excellent  portrayal  of  animal  behavior. 
The  book  contains  over  two  hundred  well  executed  drawings  and  photo- 
graphic reproductions. 

To  give  a  better  idea  of  the  subjects  discussed,  following  is  a  partial 
list  of  topics  under,  "Animal  Behavior  with  Examples":  The  Assassin 
in  Lace,  The  Ant-Lion,  The  Evening  Primrose  Spider  Trap,  The  Be- 
havior of  a  Jumping  Spider,  The  Jug-making  Wasp,  The  Habits  of  the 
White-Footed  Mud-Dauber  and  Its  Allies,  The  Hunted  Cicada,  An  Au- 
gust Hailstorm  with  Its  Sequence,  Birds  and  Blue  Racers,  .The  Phoebe's 
Biography,  The  Red  Squirrels'  Frolics,  Birdtime  Reflections,  Strange  Mis- 
haps to  Birds,  A  Tragedy  in  the  Dunes,  Taking  Spizella's  Portrait 

C.  W.  F. 

College  Physics,  by  John  Oren  Reed  and  Karl  Eugen  Guthe,  both  of  the 
University  of  Michigan.  Pp.  xxix+622.  15x22  cm.  Cloth.  1911. 
$2.75  net.    The  Macmillan  Company,  New  York. 

It  is  indeed  refreshing  to  one  to  be  able  to  read  and  study  such  a  text 
as  this.  The  names  of  the  authors  are  a  sufficient  guarantee  of  its 
accuracy.  While  the  book  was  written  primarily  for  use  in  their  classes, 
it  can  be  used  with  the  classes  in  general  physics  in  any  college.  In  the 
preparation  of  this  text  the  writers  have  kept  in  mind  three  fundamental 
principles  which  should  be  present  in  any  physics  text.  They  are:  "to 
present  the  fundamental  facts  of  the  subject  in  clear,  concise  and 
teachable  form;  to  relate  these  fundamental  facts  to  the  basic  laws  and 
to  the  theories  of  physics  in  such  a  way  as  to  render  plain  the  historical 
growth  of  the  science;  and  to  put  the  student  in  direct  touch  with  first 
hand  information  concerning  the  epoch-making  discoveries  of  the  past, 
upon  which  the  growth  of  the  science  has  been  based." 

A  knowledge  of  trigonometry  is  necessary  for  the  thorough  under- 
standing of  the  613  formulae.  The  text  is  presented  in  such 
a  clear  and  interesting  way  that  the  student  cannot  help  but  be  impressed 
with  its  statements,  becoming  possessed  with  the  real  worth  of  physics 
and  having  created  in  his  mind  a  real  desire  to  continue  the  study  of  the 
subject.  The  treatment  of  the  matter  is  in  the  following  order:  me- 
chanics, molecular  mechanics,  sound,  heat,  electricity  and  magnetism  and 
light.  There  are  sixty-four  chapters,  many  of  which  close  with  practical 
problems  bearing  upon  the  work  in  the  chapter.  Numerous  footnotes 
refer  the  reader  to  original  papers.  The  leading  paragraphs,  of  which 
there  are  552,  begin  with  bold  face  type.  A  complete  index  of  ten  pages 
is  given.    Mechanically  this  volume  represents  perfection  in  bookmaking. 

C.  H.  S. 
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APPLICATION  OF  ZOOLOGY  TO  THE  LIFE  OF  THE  PUPIL  AND 
OF  THE  COMBffUNITT. 

By  W.  Whitney, 
Bowen  High  School,  Chicago, 

The  first  attempts  to  teach  zoology  in  the  high  school  through 
the  laboratory  as  a  foundation  were  made  but  comparatively  few 
years  ago,  well  within  the  memory  and  experience  of  the  older 
teachers  now  present.  There  were  no  suitable  text-books,  and 
the  laboratory  course  was  modeled  upon  the  well-known  Huxley 
and  Martin  course;  the  exhaustive  study  of  types.  This  course 
had  its  value  as  a  disciplinary  course,  but  it  did  not  appeal  to  the 
experience  of  the  pupil  and  certainly  did  not  appeal  to  the  en- 
thusiasm of  the  pupil.  The  course  was  simply  a  modified  college 
course,  and  even  the  laboratory  tables  and  other  equipment  of  the 
laboratory  were  copied  direct  from  the  college  laboratory. 

Almost  from  the  first  many  of  the  teachers  of  zoology  saw  that 
such  a  course  was  not  suited  to  the  needs  of  the  high  school 
pupil  and  began  slowly  to  lop  off  from  the  type  studies  and  add 
more  variety  to  the  course,  but  the  change  has  worked  out  very 
slowly  and  probably  a  large  majority  of  teachers  of  zoology  at 
the  present  time  use  a  modified  type  course  arranged  in  evolu- 
tionary order,  or  with  insects  used  as  an  introduction. 

Of  late  some  teachers  and  some  authors  of  text-books  are  cut- 
ting away  from  the  type  plan  and  evolutionary  order  and  are  ar- 
ranging the  work  by  topics  or  problems.  But  probably  the  most 
potent  force  at  work  now  to  alter  the  point  of  view  of  teachers  of 
zoology  is  the  rapid  introduction  of  courses  in  agriculture  into  the 
curricula  of  high  schools.  The  question  before  us  to-day  is  really 
as  to  whether  agriculture  may  not  altogether  supplant  zoology  and 
botany — especially  in  the  smaller  cities  and  towns.  There  is  in- 
sistent demand,  and  I  believe  it  is  right,  that  our  courses  be  made 
more  practical  and  more  within  the  experiences,  present  and 
future,  of  our  pupils.  Many  schools  are  solving  this  by  putting 
in  agriculture  in  place  of  biology. 

iRcad  before  the  bioloflr  flection  of  the  Central  Association  of  Science  and  Mathe- 
matics Teachcfs,  in  Chicago.  Dec.  1. 1911. 
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Can  the  course  in  zoology  be  made  more  practical  and  be  made 
to  appeal  to  both  pupil  and  community  as  something  worth  while 
and  at  the  same  time  retain  its  value  as  a  trailing  in  scientific 
habit  ?  I  believe  the  subject  of  zoology  is  well  qualified  to  fill  sueh 
a  role. 

We  shall  inquire  first  as  to  the  points  of  contact  between  man 
and  the  animals,  more  especially  as  to  those  which  may  come 
within  the  experience  of  a  school  community  and  of  the  pupils, 
or  may  have  influence  upon  them.  These  points  of  contact  and 
influence  are  more  extensive  and  influential  than  one  would,  at 
first  thought,  suppose.  Beginning  with  the  higher  animals,  there 
are  first  of  all  the  domesticated  animals,  including  the  pets  of  the 
family — the  horse,  cow,  cat,  dog,  poultry,  etc.  The  wild  animals 
that  furnish  fur  should  be  mentioned.  Then  there  is  a  large  group 
of  both  wild  and  domes  '^ated  animals  that  furnish  food  in  one 
way  or  another  for  the  table.  The  birds  form  a  very  important 
group  with  which  all  come  in  contact— even  if  they  do  not  realize 
their  usefulness.  Reptiles  and  amphibians  have  interest  because 
of  their  usefulness  in  keeping  down  insect  pests.  The  fishes  are 
always  interesting  to  all. 

But  the  insects,  as  destroyers  of  vegetation — afield  crops,  trees, 
gardens,  and  house  plants— carriers  of  disease,  pests  in  the  house- 
hold, as  well  as  by  their  usefulness  in  certain  ways,  furnish  the 
surest  means  of  connecting  zoology  with  the  interest  of  both 
community  and  pupils.  Even  the  lowly  earthworm  can  be  made 
to  contribute  a  share  of  interest. 

It  is  not  necessary,  however,  for  me  to  enumerate  all  the  points 
of  contact,  for  they  are  well  known  to  all  teachers  of  zoology. 
The  real  question  is  as  to  how  to  present  or  teach  the  subject  in 
such  a  way  that  the  pupils  and  the  community  shall  really  be 
reached  and  their  interest  aroused  to  a  point  where  it  shall  be  a 
permanent  possession.  My  first  suggestion  is  that  the  study  of 
animals  as  types  be  abandoned.  Instead,  study  the  animals  that 
will  teach  something  and  always  let  the  pupils  discover  why  that 
particular  animal  is  important,  what  facts  it  illustrates.  By  far 
the  best  animals  to  begin  with  are  the  insects,  for  they  are  within 
the  experience  of  everyone.  Don't  take  insects  unknown  to  the 
pupils,  at  least  at  the  first,  when  there  are  the  flies,  mosquitoes, 
bees,  butterflies,  and  many  others  known  to  all.  If  the  teacher  is 
alive  to  his  opportunity  the  pupils  will  carry  home  to  their  parents 
and  friends  many  tales  of  the  insects,  which  are  bound  to  stir  up 
interest  because  of  the  contact  of  the  insects  in  one  way  or 
another  with  the  lives  of  these  people. 
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There  are  certain  animals  which  are  comparatively  unimportant 
when  studied  incidentally,  merely  because  they  belong  to  some 
group  under  consideration.  But  bring  these  animals  together  to 
illustrate  some  topic  and  their  value  and  interest  are  increased 
many  fold.  Parasitism  is  a  topic  of  this  sort.  Instead  of  re- 
ferring to  it  incidentally  in  passing  several  groups  why  not  defer 
the  study  of  these  animals  until  the  right  stage  is  reached,  then 
bring  together  into  one  study  as  many  examples  of  parasitism  and 
degeneration  as  practicable?  The  lesson  is  bound  to  be  much  more 
impressive  when  reenforced  by  a  number  of  examples. 

Other  topics  that  may  profitably  be  taught  in  this  way  are  degen- 
eration, influence  of  habitat,  development,  adaptation,  and  many 
others.  In  fact,  it  would  be  comparatively  easy  to  reduce  the 
entire  study  of  zoology  to  a  series  of  car^fjilly-graded  topics  using 
studies  of  animals  as  illustration,  but  Tam  not  prepared  to  say 
at  the  present  time  that  it  is  best  to  carry  the  topic  method  to  this 
conclusion. 

Another  method  for  increasing  interest  and  the  practical  as- 
pect of  zoology  is  the  proper  use  of  an  outdoor  laboratory.  This 
is  a  comparatively  new  idea  but  one  that  is  bound  to  come  into 
use.  By  an  outdoor  I  mean  a  plot  of  land  near  the  school  build- 
ing, not  necessarily  very  large,  given  over  to  the  departments  of 
zoology  and  botany.  There  should  be  an  allowance  made  by  the 
school  board  to  pay  for  the  heavy  manual  labor  and  for  tools  and 
fertilizers  as  needed.  The  plot  should  be  fenced  and  there  should 
be  in  it  a  small  pond  or  pool.  In  this  plot  there  should  be  planted 
trees,  shrubs,  and  perennials  native  to  the  neighborhood.  There 
would  be  beds  for  experimental  work  by  classes  in  botany.  Inci- 
dentally, there  would  be  many  animals  attacking  the  plants  which 
it  would  be  the  business  of  the  zoology  classes  to  study  and  ex- 
terminate. The  plot  should  be  near  enough  to  the  school  so  that 
classes  could  take  their  regular  period  of  work  in  this  outdoor 
laboratory  whenever  desired.  Very  practical  work  on  animals 
could  be  done  here  that  could  not  be  done  with  artificial  conditions 
in  the  indoor  laboratory.  After  this  plot  was  once  started  its 
cost  for  upkeep  would  not  be  great,  and  the  money  will  be  cheer- 
fully voted  when  once  its  great  use  and  purpose  is  understood  by 
school  boards. 

Another  thing  indispensable  for  an  up-to-date  laboratory  is  the 
library.  I  refer  to  a  reference  library  for  the  pupils,  not  for 
the  teacher.  In  this  library  there  should  be  collected  books  on 
natural  history  and  some  on  travels,  also  elementary  text-books  co- 
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ordinate  with  the  one  used  as  the  adopted  text-book.  There 
should  be  nontechnical  books  for  identifying  animals  such  as  the 
pupils  may  bring  in  from  the  field  or  home.  Such  a  library  need 
not  cost  over  $200  at  the  start  and  should  be  added  to  from  time. 
The  teacher  should  contrive  natural  uses  for  the  library,  one  of 
the  best  being  to  assign  interesting  topics  for  short  papers  in 
concluding  a  topic  under  study  in  the  laboratory. 

One  of  the  very  best  studies  for  gaining  the  real  interest  of 
pupils,  an  interest  that  will  be  communicated  to  the  parents  as 
well,  is  the  field  study  of  birds.  When  once  the  interest  in  birds 
is  awakened  it  becomes  a  permanent  possession  that  is  seldom 
wholly  lost  in  later  years.  The  good  done  by  such  a  study  is  be- 
yond calculation.  Every  school  should  organize  a  junior  Audu- 
bon Association  and  spread  the  knowledge  of  the  work  of  this 
society. 

Aside  from  the  enthusiasm  of  the  teacher  himself  probably  the 
most  efficient  aid  in  stimulating  enthusiasm  in  the  class  is  to  have 
a  great  abundance  of  living  animals  in  the  laboratory.  It  does 
not  pay  to  be  stingy  or  lazy  in  providing  such  material.  Pupils 
like  to  see  them  and  watch  their  movements,  and  they  like  lots  of 
specimens  when  stud3dng  an  animal.  Instead  of  making  one 
weary  set  of  crayfishes,  for  example,  do  service  for  several  suc- 
cessive classes,  why  not  have  a  fresh  lot  for  each  class  ?  They  do 
not  cost  much,  and  it  will  make  the  study  very  much  more  at- 
tractive and  give  better  results.  The  same  thing  applies  to  all 
studies  of  animals  in  the  laboratory.  It  is  surely  wicked  to  have 
the  same  poor  earth  worm  or  frog  or  any  other  animal  handled 
again  and  again  by  successive  classes  until  it  ceases  to  react  and 
perhaps  gives  up  even  its  life.  An  abundance  of  material  would 
avoid  this  and  have  a  much  better  effect  upon  the  class  to  say 
nothing  of  the  quality  of  the  results  obtained. 

There  should  also  be  many  animals  kept  in  the  laboratory  sim- 
ply because  they  are  attractive  and  the  pupils  like  them.  Such 
are  fish,  mice,  canaries  or  chickens,  snails,  honey  bees,  ants,  and 
in  season  many  others. 

The  study  of  the  higher  vertebrates  has  always  proved  more  in- 
teresting to  my  pupils  than  those  of  lower  types  of  life,  and  I 
believe  this  is  generally  true  in  other  schools,  but  we  go  on  year 
after  year  consuming  the  greater  portion  of  the  year  with  studies 
of  invertebrates  and  find  so  little  time  at  our  disposal  when  the 
vertebrates  are  reached  that  the  mammals  are  scarcely  touched. 
It  is  true  that  these  studies  cannot  be  so  easily  managed  by  our 
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present  laboratory  methods.  We  cannot  go  out  and  gather  up 
squirrels  and  rabbits  as  we  can  grasshoppers.  There  is  no  doubt, 
though,  that  studies  of  mammals  could  be  accomplished  in  a  sat- 
isfactory manner  and  that  they  would  yield  better  results  with 
our  pupils  than  many  of  the  invertebrate  studies. 

In  all  studies  from  the  beginning  to  the  end  of  the  course  the 
relation  of  animals  and  man  should  be  brought  out  in  various 
ways.  Sometimes  this  is  a  direct  relationship,  sometimes  only  in- 
direct but  it  will  always  add  interest  to  the  studies. 

I  have  left  to  the  last  the  discussion  of  the  influence  of  a  series 
of  such  studies  as  I  have  outlined  upon  the  moral  character  of 
the  pupils  and  through  them  upon  the  community.  There  is  no 
other  subject  in  the  curriculum  that  can  have  so  great  an  influ- 
ence, not  even  botany,  which,  however,  may  exert  greater  influ- 
ence in  certain  other  directions  which  are  important  to  the  com- 
munity. There  are  several  ways  in  which  this  influence  is  exerted. 
The  most  important  of  these  is  the  fact  that  pupils  in  zoology 
cannot  be  blind  to  the  truth  that  the  laws  and  reactions  upon  the 
lives  of  animals  they  are  studying  must  also  apply  to  their  own 
lives.  Consider  such  studies  as  these — community  life  of  various 
animals  and  the  eflFect  of  this  mode  of  life  upon  the  individual; 
the  effect  of  mode  of  life  upon  structure ;  the  influence  of  habitat ; 
the  degeneration  due  to  sedentary  life  and  the  nonuse  of  organs 
or  parts  of  the  body ;  the  effects  of  parasitism.  It  would  be  a  dull 
pupil  indeed  who  could  not  see  the  bearing  of  these  laws  upon  his 
own  life  and  the  lives  of  others.  These  animals  he  is  studying  are 
living  things  the  same  as  he,  and  the  effect  follows  cause  with  un- 
failing regularity,  too  unfailing  to  be  misunderstood.  If  studies 
are  carried  to  mammals  the  pupil  comes  closer  to  himself  and  dis- 
covers again  the  same  laws  governing. 

In  zoology  the  subjects  of  reproduction,  the  sexes,  and  develop- 
ment are  studied  as  a  matter  of  course,  fully  and  frankly  without 
danger  of  embarrassment  and  the  scientific  meaning  of  these 
subjects  is  learned  in  a  way  that  will  best  influence  the  pupil. 
The  law  of  inheritance  and  the  doctrine  of  evolution  become  clear, 
at  least,  as  to  their  general  bearing.  If  the  pupil  gained  nothing 
else  in  the  entire  year's  work  than  an  understanding  of  these  sub- 
jects it  would  be  time  well  spent. 

If  zoology  is  taught  in  the  right  manner  the  pupil  learns  the 
value  of  accuracy,  truthfulness.  That  scientific  conclusions  are 
not  based  upon  guesses  or  imperfect  observations.    He  should 
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gain  some  idea,  at  least,  of  what  science  and  the  scientific  method 
mean,  and  that  in  this  method  there  can  be  no  shams  or  falsehood. 

In  conclusion  I  wish  to  sum  up  the  points  I  have  endeavored  to 
make  clear.  The  pupil  learns  much  about  the  lives  of  animals 
in  his  surroundings.  He  learns  the  good  that  some  do,  and  learns 
to  treat  these  with  respect  because  of  this.  He  learns  to  love 
certain  animals,  to  watch  their  comings  and  goings  and  their  in- 
timate life.  He  learns  of  dangers  from  other  animals  and  how 
he  may  protect  himself  and  his  friends  from  these  dangers.  He 
learns  of  the  harm  that  still  others  do  and  how  they  may  be  suc- 
cessfully combated.  He  learns  to  know  himself  and  certain  vital 
laws  that  govern  him.  He  learns  to  respect  the  truth  and  to  con- 
sider it  as  fundamental  to  right  thinking.  He  learns  that  effect 
follows  cause  with  unfailing  certainty.  He  may  even  learn  very 
much  that  he  is  not  aware  of  at  the  time,  but  when  the  right  time 
comes  it  comes  back  to  him  to  guide  him  to  the  right  decision. 

But  among  all  the  good  things  2X)61ogy  has  done  for  my  pupils, 
there  is  one  thing  I  have  not  mentioned  that  has  pleased  me  most 
of  all.  The  enthusiasm  and  liking  for  the  study  have  been  the 
means  of  putting  new  ambition  and  determination  into  a  good 
many  boys  to  stick  to  their  school  work  and  redeem  wasted  op- 
portunities. A  fine  enthusiasm  will  do  wonders  for  a  boy,  even 
though  every  other  influence  is  against  him,  and  it  is  cases  of 
this  sort  that  I  have  watched  that  have  given  me  much  courage 
and  a  whole-souled  belief  in  my  subject. 


JUDICIAL  WISDOM. 

Indiana  has  a  good  pure  food  law  and,  more  important  still,  it  has 
efficient  and  active  officers  to  enforce  it.  One  of  the  valuable  provisions 
of  the  Indiana  act  was  designed  to  protect  the  public  from  the  sale  of 
impure  milk.  The  newspapers  have  recently  chronicled  the  fact  that  an 
Indiana  dairyman  was  found  by  the  state  inspectors  to  be  selling  dirty 
milk.  The  officers  purchased  some  of  this  milk  for  the  purpose  of  secur- 
ing evidence  against  the  dairyman.  They  found  the  dirt  and  the  dairy- 
man was  prosecuted  for  selling  a  filthy  product  When  the  case  came  into 
court,  the  attorneys  for  the  milk  dealer  maintained  that  their  client  was 
not  guilty  of  violating  the  law  because  it  must  be  shown  that  the  milk 
was  purchased  for  human  food,  when,  as  a  matter  of  fact,  it  was  pur- 
chased in  this  instance  for  purposes  of  analysis.  The  judge  before  whom 
the  case  came  sustained  the  motion  of  the  defendant's  attorneys  and  held 
that  the  dairyman  was  not  guilty  of  an  offense  under  the  Indiana  Food 
and  Drugs  Act!  The  Journal  of  the  American  Medical  Association  re- 
ports this  decision  in  a  recent  issue  and  says  that  it  refrains  from  com- 
menting on  this  example  of  judicial  wisdom  for  fear  of  violating  the 
postal  laws. 
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THE  ELBOTBIO  FUKNAOB  FOB  STEEL.^ 

By  L.  a.  TouzALiN, 
AssL  Chief  Chemist,  Illinois  Steel  Company,  South  Works. 

In  February  of  1909  the  Steel  Corporation  decided  to  erect 
two  Heroult  furnaces  for  refining  steel,  each  of  15  tons  capacity. 
One  was  built  at  South  Works  of  the  Illinois  Steel  Cc«ipany,  and 
the  other  at  the  Worcester,  Mass.,  plant  of  the  American  Steel 
and  Wire  Company.  At  South  Chicago  the  electric  furnace  is 
used  for  refining  molten  metal  from  the  Bessemer  converter,  at 
Worcester  for  refining  molten  metal  from  the  basic  open  hearth. 
The  object  of  the  combination  of  the  ordinary  acid  Bessemer  con- 
verter and  the  electric  furnace  is  to  produce  steel  of  open  hearth 
quality  or  better.  The  object  of  the  combination  of  basic  open 
hearth  and  electric  furnace  is  to  produce  steel  better  than  the  best ' 
acid  open  hearth  steel  in  quality.  Before  these  installations  the 
largest  Heroult  furnace  ever  built  had  a  capacity  of  5  to  8  tons. 
Hitherto  it  had  been  used  essentially  as  a  substitute  for  the  cruci- 
ble steel  process  for  the  manufacture  of  high-grade  tool  and  spe- 
cial steels.  At  South  Chicago  it  entered  a  much  wider  field  of  use- 
fulness for  it  is  used  for  large  tonnage  products — ^such  as  rails, 
axles,  billets,  and  castings.  The  South  Chicago  plant  process  is 
perhaps  the  more  interesting  of  the  two  mentioned  before  since  it 
includes  the  more  involved  metallurgical  process  of  both  dephos- 
phorization  and  desulphurization  of  the  steel  in  the  electric  fur- 
nace, while  the  metal  charged  from  the  basic  open  hearth 
into  the  electric  furnace  at  Worcester  is  already  dephosphorized. 
Metallurgists  believe  that  if  the  electric  furnace  in  combination 
with  the  Bessemer  converter  can  make  as  good  or  better  steel  than 
the  open  hearth  alone,  it  will  mean  a  new  lease  of  life  to  the  con- 
verter. 

The  furnace  proper  is  essentially  built  like  the  body  of  an  open 
hearth  furnace  except  that  the  outside  horizontal  cross-section 
plan  is  approximately  that  of  a  circle  of  13J4  feet  in  diameter, 
with  two  flattened  portions,  situated  at  the  front  and  back,  re- 
spectively. The  furnace  rests  on  a  floating  pinion  which  enables 
it  to  be  tilted  to  an  angle  of  approximately  29**  by  means  of  an 
hydraulic  cylinder  attachment  The  shell  of  the  furnace  is  of 
steel  plate  one  inch  thick.    The  bottom  and  walls  are  of*magne- 

iThe  data  ffiven  in  this  paper  was  taken  from  an  lllustnited  lecture  delivered  before 
the  Chicago  Section  of  the  American  Hlectrochcmkal  Society.  Jan.  20.  1911.  by  C.  G. 
Otbome. 

Read  bcfort  the  joint  meeting  of  the  physica  and  chemlatry  Mctiona  of  the  Ctntnl 
Aaiodation  of  Science  and  Mathematica  Teachera.  Dec.  1. 1911. 
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site  brick  and  the  roof  of  silica  brick,  12  inches  in  thickness.  There 
are  5  doors,  two  on  each  side  of  the  furnace  and  one  in  front 
over  the  pouring  spout.  They  work  in  the  usual  groove  arrange- 
ment and  are  operated  by  steam  pressure.  The  front  door  is  an 
exception  to  this,  being  operated  by  hand  with  a  counterbalance. 
The  heat  is  supplied  from  electrodes  through  the  top.  There  are 
three  of  these  in  the  South  Chicago  furnace,  since  the  current 
used  is  3  phase,  in  the  form  of  an  equilateral  triangle  each  side 
of  which  is  5  feet  2  inches  in  length.    The  apex  of  the  triangle 


The  Electric  Furnace  in  Action. 

points  towards  the  back  of  the  furnace.  There  are  separate  hold- 
ers for  each  electrode,  which  are  designed  to  carry  24  inch  elec- 
trodes but  which  may  be  adjusted,  by  contact  blocks,  to  hold  elec- 
trodes of  smaller  size.  The  weight  of  each  electrode  is  supported 
by  chains  which  run  back  over  pulleys  to  the  drums  at  the  back 
of  the  furnace.  Motors,  attached  by  gears  to  the  individual 
drums,  regulate  the  electrodes.  Such  regulation  is  by  hand,  by 
controllers,  or  by  an  automatic  device.    The  automatic  device  is 
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quite  complicated  and  I  will  not  be  able  to  explain  it  in  detail 
other  than  to  simply  state  that  a  magnet  coil,  floating  magnet  coil, 
and  current  transformers  are  used  for  each  individual  electrode. 

The  power  for  the  furnace  is  generated  by  dynamos  having  as 
prime  movers,  reciprocating  gas  engines,  reciprocating  steam 
engines,  high  pressure  and  low  pressure  turbines.  It  is  3  phase, 
2,200  volts,  and  25  cycle.  At  the  electric  furnace  it  is  stepped 
down  by  means  of  three  750  k.  w.  transformers  to  the  voltage  of 
the  furnace,  which  is  ordinarily  about  90  volts.  The  wattage  is 
usually  about  500  to  650  k.  w.  h.  per  leg. 

THE  OPERATION  OF  THE  FURNACE. 

The  normal  operation  of  the  furnace  is  as  follows : 

Ordmary  Bessemer  pig  iron  is  full  blown  in  a  15-ton  Bessemer 
converter,  in  from  eight  to  twelve  minutes.  It  is  then  poured  di- 
rectly from  the  Bessemer  vessel  to  an  electric  furnace  transfer 
ladle  and  drawn  to  the  electric  furnace  building,  a  distance  of 
about  j4  n^ile,  in  about  five  minutes.  As  a  precaution  against 
the  possible  formation  of  a  skull  in  the  ladle,  the  Bessemer  charge 
is  blown  about  1,500  pounds  of  scrap  "hotter"  than  ordinary 
Bessemer  practice. 

Immediately  the  ladle  is  received  at  the  electric  furnace  it  is 
picked  up  by  the  crane,  slightly  tilted,  and  the  silicious  slag  is  com- 
pletely cleaned  off  by  hand-rabbling.  The  metal  is  now  ready  for 
charging.  To  do  this,  the  ladle  is  merely  turned  over  on  its  trun- 
ions  and  the  metal  poured  into  a  spout,  through  which  it  rushes 
to  the  ftfrnace.  This  operation  of  cleaning  off  the  slag  and  charg- 
ing occupies  from  five  to  ten  minutes. 

The  electrodes  are  lowered  and  the  current  turned  on. 

As  the  metal  is  being  poured  into  the  furnace,  the  helpers 
shovel  iron  oxide  and  lime  into  the  furnace  through  the  working 
doors. 

In  this  way  a  basic  oxidizing  slag  is  produced  which  serves  to 
remove  the  phosphorus.  In  about  thirty  minutes  this  slag  has 
served  its  purpose,  and  the  furnace  is  tilted  slightly  forward  and 
the  slag  removed  in  from  five  to  ten  minutes  by  hand-rabbling. 

The  recarburizer  is  added  at  this  point.  On  the  bare  surface 
of  the  oxidized  metal,  lime  is  quickly  added,  with  sufficient  fluor 
spar  to  keep  the  mass  fluid.  In  about  fifteen  minutes  this  lime  is 
melted,  and  finely  divided  coke  dust  is  now  thrown  onto  the  top  of 
the  slag  beneath  each  of  the  three  electrodes. 

Under  the  influence  of  the  arc,  calcium  carbide  is  produced  in 
gradually  increasing  quantities. 
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As  soon  as  this  state  of  affairs  is  reached,  a  neutral  if  not  an  ac- 
tually reducing  atmosphere  has  been  obtained.  From  here  to 
the  finish  there  is'  practically  a  dead-melt  in  a  reducing  atmos- 
phere. The  slag  at  this  stage  of  the  process  is  fluid  and  highly 
basic.  If  a  sample  should  be  taken  and  water  added  to  it,  the 
resultant  acetylene  gas,  from  the  well-known  calcium  carbide  and 
water  reaction,  is  of  sufficient  quantity  to  light  and  bum  for  half 
a  minute. 

Tests  are  now  taken  to  show  the  condition  of  the  steel.  A 
small  cylindrical  test  piece  is  poured  and  forged  to  a  round  pan- 
cake-shaped object  under  a  steam  hammer  located  at  the  furnace. 
If  this  forged  sample  shows  by  its  appearance  a  satisfactory  con- 
dition of  the  metal,  the  bath  is  tapped.  If  not,  further  refining  is 
necessary. 

To  tap  the  furnace,  the  electrodes  are  raised  from  the  bath 
and  the  ladle  swung  by  a  crane  under  the  pouring  spout  and  the 
tilting  lever  pulled  forward. 

The  pouring  is  done  through  a  i^^-inch  nozzle  to  molds  of 
varying  sizes. 

A  typical  furnace  charge  sheet  is  as  follows: 

ELECTRIC  FURNACE  CHARGE  SHEET. 

MatariiL 

Lb.  Kg. 

Bessemer  blown  metal 30,000         131635 

Scale 700  *  317 

Ferro-Manganese,  80%  200  91 

Ferro-Silicon,  10% 60  27 

Ferro-Silicon,  50% 80  36 

Recarbonizer 130  59 

Fluor  Spar 400  182 

Coke  Dust 200  91 

Lime — ist  Slag 600  273 

Lime — ^2d  Slag 600  273 

Dolomite 400  182 

Magnesite 25  11 

Tapped  previous  heat 7  :oo  A.  M. 

Metal  Ordered  for 7 115      " 

Metal  Received  7:15      " 

Began  Fettling 7:17      " 

Current  on  7 127      " 

Slag  Off— Began 8:00      " 
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Slag  Off— Finished 8:ii      " 

Tapped 848      " 

Time  of  Heat i  Hr.  21  Min. 

It  will  be  seen  from  this  that  it  takes  us  an  hour  and  a  half 
to  two  hours  to  a  heat,  according  to  the  grade  of  steel  produqed. 

What  is  actually  done  in  the  electric  furnace  at  South  Works 
is  to  take  oxidized  blown  metal  of  an  approximate  analysis  of 

C  S  P  Mn  Si 

0.05-0.10      0.035-0.070      0.095      0.05-0.10      0.005-0.015 

and  produce  deoxidized  steel  low  in  sulphur  and  phosphorus  and, 
within  reasonable  limits,  of  practically  any  analysis  required  by 
the  consumer.  . 

THE  VARIETY  OF  PRODUCT. 

The  electric  furnace  at  South  Chicago  has  operated  on  a  greater 
variety  of  product  than  any  furnace  in  the  world,  and  with  be- 
wildering intermingling  of  high-grade  alloy  steels,  high-grade 
carbon  steels  and  ordinary  carbon  steel.  Ordinary  carbon  steel 
rails  of  a  dozen  different  sections,  billets  of  all  sizes  and  grades, 
plates  of  all  sizes  and  grades,  structural  shapes,  castings,  small 
and  large,  high  carbon  and  low,  and  forgings  of  all  sizes ;  nickel, 
nickel-chrome,  chrome,  manganese,  and  silicon  steels  have  been 
made. 

A  number  of  heats  from  cold  materials  have  also  been  made. 
In  several  of  these  the  worst  scrap  we  could  pick  up — was  taken — 
stove-plate  scrap.  With  this  stock,  an  axle  heat  was  made  which 
showed  excellent  physical  tests:  77  blows  from  a  1,640-pound 
hammer  falling  43  feet  broke  the  first  axle,  and  68  similar  blows 
the  second. 


GOAL  EZP0BT8  IN  1910. 

The  exports  of  coal  from  the  United  States  during  1910,  according  to 
the  United  States  Geological  Survey,  were  13,805,866  long  tons,  valued 
at  $41,470,792.  Of  this  quantity  3,021,627  long  tons,  valued  at  $14,785,387. 
was  anthracite,  and  10,784,239  long  tons,  valued  at  $26,685,405,  was  bitu- 
minous coal. 

The  imports  of  anthracite  amounted  in  1910  to  only  8,195  long  tons, 
valued  at  $42,244,  and  those  of  bituminous  coal  to  1,497,709  long  tons, 
valued  at  $3,975,561. 
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MOLEOULEB. 

By  Benj.  H.  Brown,, 
Whitman  College. 

As  early  as  the  year  400  B.  C  there  were  philosophers  who 
were  beginning  to  hold  that  ordinary  matter  as  wood,  stone,  metal, 
water,  etc.,  was  made  up  of  individual  particles  too  small  to  be 
distinguishable  by  the  eye.  This  view  of  the  structure  of  matter, 
however,  was  of  little  importance  in  the  ancient  thought  because 
it  was  not  based  upon  any  definite  observations  which  could  give 
it  a  practical  application.  For  more  than  a  thousand  years  the 
molecule  did  not  enter  into  the  practical  thought  of  the  physical 
world.  In  the  century  just  past,  however,  the  idea  of  the  mole- 
cule as  the  smallest  piece  of  a  substance  came  into  general  use 
in  the  working  theories  of  physics,  chemistry,  and  biology.  Dur- 
ing the  very  latest  years,  the  molecule  has  been  found  to  be  a  ver- 
itable treasure-house  from  which  mystery  after  mystery  has  been 
brought  forth  by  experimentation  with  electric  charges  and  radio- 
active substances.  With  the  coming  of  the  idea  of  the  electron 
and  the  possibility  of  its  further  divisibility,  the  possibility  of 
physical  structures  breaks  anew  upon  the  thought  of  the  twentieth 
century  and  is  destined  to  work  many  and  important  changes  in 
the  accepted  theories  of  matter  and  the  universe.  The  molecule, 
then,  has  an  interest  not  only  for  its  own  sake  but  because  of 
its  importance  in  the  thought  of  the  future. 

The  Shape  of  Molecules. 

When  molecules  of  a  gas  are  heated  in  a  vessel  whose  volume 
remains  constant,  it  requires  a  certain  amount  of  heat  energy  to 
warm  a  gram  of  the  gas  one  degree  centigrade,  and  this  amount 
of  heat  is  known  as  the  specific  heat  at  constant  volume.  The 
applied  heat  goes  to  make  the  molecules  move  faster,  and  in  some 
cases  to  make  them  rotate,  and  in  other  cases  to  force  them  into 
other  motions  not  thoroughly  understood.  This  condition  of 
things  may  be  represented  by  the  equation 
Hv  =  Et  +  Ei 
which  means  that  the  heat  supplied  at  constant  volume  equals  the 
energy  appropriated  by  the  translational  motions  (E^  plus  the 
energy  absorbed  by  the  internal  motions  (Ei). 

When  a  gas  is  heated  in  a  vessel  whose  volume  changes  so  as 
to  keep  the  pressure  constant,  the  heat  required  to  warm  one  gram 
of  the  gas  one  degree  is  greater  than  that  required  when  the  gas 
remains  at  constant  volume.    The  heat  supplied  when  the  volume 
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changes  not  only  must  warm  the  molecules,  as  in  the  first  case, 
but  also  must  provide  the  extra  energy  required  to  change  the 
volume  of  the  ccHitaining  vessel  against  the  external  pressure. 
This  condition  of  things  may  be  represented  by  the  equation 

Hp  =  Et  +  Ei+Ee 
which  means  that  the  heat  energy  supplied  at  constant  pressure 
and  changing  volume  equals  the  increase  of  translational  energy 
(Et)  plus  the  increase  of  internal  energy  (Ei)  plus  the  external 
work  (E^)  used  in  increasing  the  volume  of  the  vessel  by  moving 
a  piston  cover. 

It  will  be  noticed  that  the  heat  at  constant  volume  is  less  than 
that  at  constant  pressure  by  the  amount  required  to  move  the 

cover  of  the  vessel.    Now,  it  happens  that  the  ratio,    g^  i  of  these 

two  specific  heats  may  be  measured  more  easily  than  either  of  them 
alone,  by  measuring  the  velocity  of  sound  in  the  gas.  Hence  it  is 
convenient  to  put  the  two  equations  together  in  the  following  form 

Kp  ^  B/  +  Bt  -h  B^" 
Hv  B/  -f  Bj 

The  numerical  value  of  the  ratio  (g^)  ^®  given  for  several  sub- 
stances in  the  f oUowmg  table : 

Argon  1.66 

Helium   1.64 

Mercury   1.66 

Hydrogen  i'396 

Nitrogen 1.405 

Oxygen  (O,) 1.40 

Hydro-chloric  acid  (HCl)   1.398 

Carbon  Monoxide  (CO)  1.403 

Water  (H,0)   1.287 

Hydrogen  sulphide  (HjS)    1.28 

Carbon  dioxide  (COg)  1.28 

Chlorine    ,. 1.32 

Iodine   1.29 

Bromine    1.29 

Ammonia  (NHj) 1.317 

Chloroform   (CHa,)    1.154 

Ether  (C^H^oO)   1.07 

It  should  be  noted  that  in  general  the  more  complicated  molecules 
have  a  lower  ratio  of  specific  heats. 
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The  quantities  E^  and  'Ee  are  easily  calculated.  There  is  left 
then  only  one  unknown  quantity  in  our  formula,  and  this  one,  Ei, 
is  going  to  be  the  one,  if  there  be  one,  which  may  be  made  to 
throw  some  light  upon  the  problem  of  the  shape  of  the  molecule. 

The  term  E^  for  one  degree  may  be  calculated  as  follows.  Sup- 
pose that  one  gram  of  the  gas  is  confined  in  a  long  tube,  whose 
cross-section  is  one  square  centimeter,  and  under  a  pressure  of  p 
dynes  per  square  centimeter.  Then  the  volume  of  the  gas  will  be 
V  cubic  centimeters  and  it  will  fill  the  tube  for  a  length  of  V 
centimeters.    Now,  as  the  gas  is  heated  one  degree,  its  volume  will 

increase  -=  of  itself,  where  T  is  the  value  of  the  temperature 
measured  from  absolute  zero.  The  gas  in  the  tube  will  push  the 
piston  cover  which  confines  it,  therefore,  a  distance  of  ^  centi- 
meters against  a  pressure  of  p  djmes.    The  work  done  will  be, 

V        pv 
therefore,  force  times  distance  or  p  times  -^,  or  -^  ergs.       This 

then  is  the  value  of  E^. 

To  find  E^  take  a  box  one  centimeter  on  a  side  filled  with  gas 
at  a  pressure  p  dynes  per  square  centimeter,  containing  n  mole- 
cules, each  of  mass  m,  moving  on  an  average  normally  to  the  sides 
of  the  box  with  velocity  v  centimeters  per  second.  While  the  mole- 
cules of  the  gas  will,  of  course,  be  moving  in  all  possible  directions 
within  the  little  box,  the  components  of  these  motions  perpendicu- 
lar to  the  sides  of  the  box  will  be  properly  measured  if  we  assume 
that  %  of  the  molecules  are  in  motion  with  respect  to  each  of  the 
three  mutually  paired  sides  of  the  box.  Each  molecule,  on  the  av- 
erage, must  pass  through  a  distance  of  two  centimeters,  forth  and 
back  through  the  width  of  the  box,  or  the  equivalent  of  this 
through  the  striking  of  neighbor  molecules,  for  each  impact  upon 
the  sides  of  the  box.  Hence  each  molecule,  on  the  average,  will 
strike  a  side  of  the  box  v/2  times  per  second.  The  total  number  of 
impacts  upon  any  one  face  of  the  cube  will  be  J^  of  n  times  v/2,  or 

-^  •    At  each  impact  with  a  side  of  the  box  a  molecule  will  on 

the  average  suffer  a  change  of  momentum  equal  to  mv  whenever  it 
is  stopped  by  the  side  of  the  box  and  another  mv  when  it  is  made 
to  rebound  from  the  side  with  a  velocity  v,  or,  in  all,  the  change  in 
momentum  for  every  impact  will  be  on  the  average  2mv.  Since 
there  are  vn/6  impacts  per  second  in  the  gas,  and  there  is  a  change 
of  2mv  units  of  momentum  for  each  impact,  then  there  must  be 
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a  total  change  of  momentum  of  2mv  times  vn/6y  or  —^  per  sec- 
ond. This  continuous  change  of  momentum  through  the  constant 
bombardment  of  the  molecules  is  the  cause  of  the  pressure  of  the 
gas  which  must  equal  the  external  pressure  p.  Therefore  numer- 
ically ^|-.=/.  Multiplying  both  sides  of  this  last  equation 
by  3V/2T  we  have 

3AV  _    mnVv* 


Since 


2T 


2T 


2T 


is  the  translational  kinetic  energy  required  to  warm 

3/V    __ 


one  gram  of  the  gas  one  degree  at  a  temperature  T,     ^x 

Ef.    We  have  now  found  E^  and  Y.t,  and  these  values  substituted 
in  the  equation  for  the  ratio  of  the  specific  heats  gives 


Hz/ 


^-^+4?+E«- 


2T 


2T 


+  E/ 


The  value  of  Ei  is  still  undetermined,  and  no  easy  and  perfect 
method  has  been  discovered  by  which  it  may  be  measured  directly 
as  we  did  the  others  It  is  convenient  to  proceed  on  an  assump- 
tion, and  in  the  first  place,  suppose  that  Ei  equals  zero  in  a  par- 
ticular case.  This  is  to  infer  that  the  molecules  in  this  case  when 
heated  do  not  receive  any  energy  except  that  used  in  motions  of 
pure  translation  and  that  necessary  to  push  up  the  cover  of  the 
containing  vessel.  This  supposition  implies  further  that  the  mole- 
cules in  their  numerous  accidental  collisions  with  one  another 
from  every  side  and  at  every  angle  do  not  by  these  simple  impacts 
cause  any  rotatory  motion  among  themselves.  These  molecules, 
therefore,  for  which  Et  equals  zero,  act  as  if  they  were  round  and 
smooth  and  incapable  of  undergoing  distortion  through  collision 
with  other  like  molecules  for  only  such  bodies  can  receive  impacts 
always  radially,  so  as  to  leave  no  possibility  of  the  action  of 
moments  due  to  the  colliding  masses.  On  the  supposition,  then, 
that  Ei  equals  zero,  the  case  in  which  there  are  no  internal  mo- 
tions of  rotation  or  vibrations  set  up  by  the  mutual  collisions  of 
the  molecules,  the  ratio  equation  becomes 

ipv.pv 
H^^  2T  ^  T 
Hr  a/v 

2T 
which  gives  for  the  value  of    g^,    5/3,  or  1.666.    By  reference  to 


m 
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the  table  it  may  be  seen  that  helium,  argon,  and  mercury  have 
very  nearly  this  value  for  the  ratio  of  their  specific  heats.  If 
the  reasoning  above  is  adequate  to  the  problem,  the  inference  is 
very  plain  that  the  molecules  of  these  substances  are  round  and 
smooth  and  practically  distortionless  when  subjected  to  the  or- 
dinary forces  of  molecular  collisions.  The  chemists  also  describe 
these  elements  as  being  monatomic,  each  molecule  consisting  of 
only  a  single  atom,  and  in  so  far  as  the  chemical  evidence  applies 
to  the  shape  of  the  molecule,  it  is  in  perfect  agreement  with  the 
result  obtained  above. 

In  order  to  proceed  further  with  the  investigation  it  is  neces- 
sary to  make  further  assumptions.  It  will  be  necessary  to  keep 
the  assumptions  in  mind,  for  since  they  are  but  the  temporary 
scaffolding  for  the  projection  of  work  into  otherwise  inaccessible 
regions,  they  may  not  properly  be  incorporated  into  the  argument 
itself  until  they  have  been  verified  ia  some  way.  But  an  assump- 
tion may  be  a  powerful  mental  tool  iivhen  used  with  caution  and 
estimated  at  its  real  value. 

Suppose  that  a  multitude  of  small  bodies  are  in  motion  in  a 
closed  vessel,  and  colliding  with  one  another  in  every  conceivable 
manner,  then  it  is  postulated  that,  after  the  lapse  of  a  sufficient 
time  during  which  the  molecules  and  their  motions  may  become 
fairly  distributed  within  the  vessel,  the  kinetic  energy  of  the  whole 
mass  of  the  bodies  will  be  equally  apportioned  among  the  degrees 
of  freedom  of  the  colliding  bodies.  A  degree  of  freedom  as 
used  here  may  be  defined  as  any  particular  way  in  which  a  body 
may  move,  as  a  to  and  fro  motion  in  any  straight  line,  a  rotatory 
motion  in  any  one  plane,  or  a  vibratory  motion  in  a  plane.  Any 
one  of  these  motions  is  a  degree  of  freedom,  and  bodies  may  pos- 
sess several  degrees  of  freedom  at  the  same  time. 

Continuing  now  our  examination  of  the  ratio  equation,  let  Ei 
represent  one  degree  of  freedom,  instead  of  being  no  degree  of 
freedom  as  in  the  former  case.  We  found  above  that  the  transla- 
tion energy  Ef  equals  3^V/2T,  and  since  the  translational  move- 
ments could  take  place  in  three  mutually  perpendicular  directions 
corresponding  to  the  three  perpendicular  sides  of  the  containing 
box,  the  energy  of*  a  single  degree  of  freedom  would  be  V^  of 

3/>V/2T,  or  />V/2T.    This  value,    ^J,     then,  is  the  measure  of 

energy  absorbed  in  one  degree  of  freedom.     According  to  our 
postulate  above,  this  amount  measuring  one  degree  of  transla- 
tion freedom  is  also  equal  to  the  energy  used  in  rotational  free- 
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dom.  Putting  this  value  (\-7^  for  Ei  into  the  ratio  formula,  we 
have  the  ratio  |p  equal  to  1.50,  after  making  the  obvious  reduc- 
tions. From  the  table  it  is  seen  that  there  are  no  substances 
quoted  whose  values  for  the  ratio  of  their  specific  heats  are  any- 
where near  1.50,  and  there  are  no  substances  known  which  would 
give  values  near  this  amount.  Taking  the  simplest  view  of  this 
case,  we  may  provisionally  assume  that  there  are  no  molecules 
among  known  substances  that  have  four  and  only  four  degrees 
of  freedom.  This  means  that  if  a  molecule  has  three  degrees  of 
translational  freedom,  it  cannot  take  on  one  more  degree  of  ro- 
tation without  at  the  same  time  taking  on  another  degree  of  ro- 
tational freedom.  If  the  molecule  rotates  at  all  through  the  ac- 
tion of  accidental  collisions,  it  must  be  able  to  rotate  in  more  than 
a  single  plane.  Proceeding  further,  let  Ei  represent  two  degrees 
of  freedom.  Then  our  ratio  equation  g^ves  a  value  of  1.40  for 
the  ratio  of  the  specific  heats.  From  the  table  we  find  several 
substances  with  values  near  this  number.  These  molecules,  there- 
fore, act  as  if  they  had  two  degrees  of  freedom  in  addition  to  their 
three  degrees  of  translational  freedom  common  to  all  gases  in* 
closed  in  an  ordinary  vessel.  In  all  these  gases,  it  should  be  ob- 
served that  the  molecules  are  diatomic,  containing  two  atoms 
each.  Since  these  molecules  of  hydrogen,  oxygen,  nitrogen,  etc., 
receive  only  two  of  the  possible  degrees  of  rotational  freedom, 
they  must  be  round  and  smooth  with  respect  to  one  axis  and  not 
round  or  not  smooth  with  respect  to  the  two  other  axes.  This 
condition  is  met  if  we  suppose  that  these  molecules  are  composed 
of  two  round  atoms,  attached  to  each  other,  but  not  entirely,  if 
at  all,  coalescing  to  destroy  their  bipartite  form.  This  gives  the 
dumb-bell  shape  as  the  most  probable  form  of  these  molecules,  the 
dumb-bell  possibly  assuming,  through  various  degrees  of  union 
of  the  parts,  varieties  of  cylindroid,  discoid,  or  even  spheroid 
forms. 

It  is  a  curious  fact  that  there  are  no  gases  whose  value  for  the 
ratio  of  specific  heats  falls  between  1.66  and  1.40.  From  the 
theory  as  developed  above  there  is  an  interesting  suggestion  as  to 
why  this  is  so.  It  may  be  noted  that,  if  the  molecules  have  geo- 
metric relationship  at  all  and  occupy  space  to  the  exclusion  of 
other  molecules  and  if  they  be  extended  in  any  direction  from  the 
spherical  form,  they  must  be  elongated  in  one  other  plane  at 
right  angles  to  the  first  elongation,  or  an  equivalent  of  this.  If, 
therefore,  a  molecule  may  be  set  in  rotation  in  any  one  plane 
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through  the  effect  of  simple  collisions,  it  may  also  be  set  in  rota- 
tion in  a  second  plane,  thus  giving  two  degrees  of  rotational  free- 
dom in  the  simplest  case  of  a  distorted  or  extended  spherical 
form.  This  is  the  simple  result  of  extension.  Any  straight  line 
must  lie  in  two  planes,  and  each  plane  provides  the  possibility  of 
a  rotationil  degree  of  freedom.  From  the  mechanical  point  of 
view,  therefore,  there  should  be  no  molecules  with  ratio  of  specific 
heats  lying  between  1.66  and  1.40  because  there  are  no  molecules 
with  four  and  only  four  degrees  of  freedom. 

To  go  a  step  further  in  the  investigation,  let  Ei  represent  three 
degrees  of  freedom  which  might  be  the  three  degrees  of  rotation. 
This  gives  1.333  ^s  the  ratio  of  specific  heats.  This  might  repre- 
sent a  molecule  with  three  atoms  arranged  in  the  form  of  a  tri- 
angle, or  in  the  form  of  a  curved  line.  Tp  give  the  value  1.33, 
however,  it  would  be  necessary  that  the  atoms  be  held  rigidly  in 
certain  positions  wi  nin  the  molecule.  Since,  according  to  our 
previous  reasoning,  the  atoms  are  round  and  smooth,  it  is  easy 
to  suppose  that  such  bodies  would  be  unable  to  retain  a  rigid  con- 
figuration in  the  midst  of  the  tremendous  bombardments  to  which 
they  are  continually  subjected.  At  any  rate,  the  tri-atomic  mole- 
cules of  water,  hydrogen-sulphide,  carbon-dioxide  listed  in  the  table 
do  not  behave  as  if  they  were  rigidly  maintained  in  the  triangular 
form,  for  this  would  require  a  value  of  1.33  for  the  specific  heat 
ratio.  Nor  are  the  atoms  arranged  in  a  straight  line,  for  this 
would  require  a  value  of  1.40.  It  is  necessary,  then,  to  seek  a 
little  further  for  the  inner  structure  of  these  molecules.  Let  Et 
represent  four  degrees  of  freedom,  giving  a  value  of  1.286  for 
the  ratio.  This  value  seems  to  fit  very  well  all  the  tri-atomic  mole- 
cules listed  in  the  table.  This  may  be  the  case  in  which  the  mole- 
cules have  the  three  degrees  of  translational  freedom,  the  three 
of  rotational  freedom,  and  another  degree  of  some  other  kind. 
Possible  the  three  atoms  are  arranged  in  the  form  of  a  clover  leaf, 
giving  the  six  degrees  of  translation  and  rotation,  while  the  other 
degree  might  consist  of  the  pair  of  like  atoms  revolving  pin-wheel 
fashion  about  the  other  atom.  It  would  not  be  wise  to 
pursue  the  investigation  further  with  assurance  as  the  ratio  values 
for  the  more  complex  molecules  become  more  and  more  difficult 
to  determine,  and  the  mechanical  operations  within  the  highly 
complicated  molecules  admit  of  too  many  interpretations  for  a 
definite  geometrical  analysis.  It  may  be  noted  also  that  the  mem- 
bers of  the  halogen  group,  some  of  which  chemists  consider  to  be 
diatomic,  do  not  fall  into  the  interpretation  as  outlined  above.    It 
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may  also  be  noted,  however,  that  certain  activities  of  the  halogens 
seem  to  indicate  a  structure  different  from  that  of  the  simple  di- 
atomic atom.  This  suggestion  opens  an  interesting  problem  which 
at  present  must  be  approached  largely  through  conjecture. 

The  Size  of  Molecules. 

If  a  thin  edge  one  centimeter  in  length,  made  of  some  material 
to  which  water  readily  adheres,  be  held  so  that  it  merely  touches 
the  surface  of  clean  water  and  then  carefully  lifted  it  will  pull 
the  water  after  it  to  a  perceptible  height  above  the  general  sur- 
face. The  water  clings  to  the  edge  until  the  raised  mass  has  a 
weight  of  about  150  dynes,  when  the  water  column  is  ruptured 
by  the  stress  of  its  own  weight.  As  the  edge  is  lifted,  the  sur- 
faces of  the  water  do  not  stretch,  but  are  enlarged  by  molecules 
from  the  interior  mass  of  the  water  passinr  into  them.  The  mole- 
cules in  the  interior  take  practically  no  paAan  the  lifting  process 
because  they  move  about  among  themselves^ with  such  freedom 
that  they  offer  only  little  resistance  to  any  displacing  force.  The 
force  of  150  dynes,  or  half  of  this  for  a  single  surface,  then,  is 
the  maximum  stress  under  which  molecules  of  water  can  force 
themselves,  by  virtue  of  their  cohesion,  into  a  surface.  When 
this  force  of  75  dynes  for  any  one  surface  of  water  is  exceeded 
the  strained  surfaces  cannot  close  themselves  with  molecules  from 
the  interior.  This  means  that  a  ribbon  of  water  whose  thickness 
is  that  of  a  single  molecule,  with  no  interior  molecules  to  replete 
the  surfaces,  thus  allowing  them  to  enlarge,  and  one  centimeter 
in  breadth,  would  be  just  about  to  break  under  a  pull  of  150  dynes 
of  force.  Thus  a  belt  of  water  one  molecule  thick  and  two  yards 
wide  would  resist  a  force  of  about  one  ounce. 

Now  let  us  take  a  cube  of  water,  one  centimeter  in  length  on 
each  side,  and,  proceeding  on  the  assumption  that  the  molecules 
of  water  are  arranged  in  regular  layers,  a  supposition  which  will 
not  vitiate  our  investigation  to  any  great  extent,  begin  to  tear 
off,  in  our  mind  of  course,  the  top  layer  of  the  water  as  if  it  were 
a  porous  plaster  sticking  tightly  to  its  neighbor  layers.  By  taking 
hold  of  one  edge,  and  pulling  with  a  force  of  150  dynes,  the  edge 
will  begin  to  break  loose  from  the  mass  of  the  water,  and  by  pull- 
ing through  a  distance  of  one  centimeter,  the  top  layer  will  be 
entirely  removed.  The  work  done  in  removing  the  layer  is  150 
times  the  distance,  one  centimeter,  or  150  ergs,  and  if  x  is  the  total 
number  of  layers  in  the  cube  of  water  one  centimeter  high,  then 
the  total  work  required  to  tear  the  cube  of  water  into  single  layers 
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will  be  150^  ergs.  Now  let  all  the  x  separate  layers  be  piled  again 
into  a  cube  and  turned  upon  edge.  In  this  position,  the  water  may . 
again  be  stripped  into  layers  as  before,  giving  x  layers  and  re- 
quiring I50;r  ergs  of  work  to  do  it.  The  cubic  centimeter  of 
water  has  now  been  shredded  into  strings  of  molecules  each  a 
centimeter  in  length.  Let  these  strings  be  arranged  in  the  cube, 
and  stood  upon  end,  and  let  blankets  be  torn  off  as  before,  re- 
quiring in  this  case,  as  in  the  others,  x  layers  and  150^:  ergs  of 
work. 

The  cubic  centimeter  of  water,  one  gram,  has  now  been  theoret- 
ically, by  hand  as  it  were,  separated  into  its  individual  molecules 
at  an  expenditure  of  4501:  ergs  of  work,  and  the  ntmiber  of  mole- 
cules is  jr*  where  x  remains  to  be  determined. 

Resort  must  now  be  had  to  another  experiment.  If  a  cubic 
centimeter  of  water  be  converted  into  steam  by  the  application  of 
heat  the  molecules  will  likewise  be  separated  from  one  another, 
and  the  amount  of  heat  required  to  accomplish  this  is  the  80 
calories  necessary  to  warm  the  water  from  a  temperature  of,  say 
20  degrees  centigrade  to  the  boiling  point  and  an  additional  537 
calories  necessary  to  convert  the  gram  of  heated  water  into  steam 
after  it  has  attained  the  boiling  point.  The  total  heat,  therefore, 
is  617  calories  which  is  equivalent  to  25914000000  ergs  work  as 
the  amount  required  to  separate  one  gram  of  water  into  its  mole- 
cules. 

The  molecules  of  water  at  a  temperature  of  20  degrees  centi- 
grade, the  temperature  at  which  the  first  experiment  was  made, 
had  comparatively  little  energy  of  translation,  while  in  the  steam, 
they  have,  by  our  previous  calculation,  as  seen  in  the  formula 
above  where  the  translational  energy  Ymm^/2  equals  3/2  times 
loooooo  times  1680,  2520000000  ergs  of  energy.  The  loooooo 
used  above  is  the  value  in  dynes  roughly  of  the  atmospheric  pres- 
sure, and  the  1680  is  the  volume  in  cubic  centimeters  of  steam  re- 
sulting from  the  evaporation  of  one  gram  of  water,  at  a  tempera- 
ture of  100  degrees.  Another  item  by  way  of  a  correction  must 
be  considered.  When  the  water  becomes  steam,  its  volume  in- 
creases about  1680  times,  and  the  amount  of  work  done  against  the 
pressure  p  is  1680  times  loooooo,  or  about  1680000000  ergs.  By 
subtracting  these  two  amounts  from  the  total  work  required  to 
convert  the  gram  of  water  into  steam  there  remains  a  corrected 
total  of  2171400000  ergs,  as  the  work  required  to  sepjirate  the 
molecules  by  the  heat  method.  There  are  other  corrections  which 
might  be  made  but  these  two  are  probably  the  most  important 
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ones,  and  practically  leave  the  steam  molecules  in  the  same  con- 
dition as  in  the  theoretical  method. 

By  comparing  the  two  methods  of  separating  the  water  into 
molecules,  it  may  be  seen  that  the  450jr  in  the  first  case  must  rep- 
resent the  2 1 714000000  ergs  in  the  latter  case,  and  x  turns  out  to 
be  48000000.  This  means  that  there  are  48000000  water  films, 
each  one  molecule  thick,  in  a  pile  of  water  one  centimeter  high, 
or  ,in  other  words,  it  takes  48000000  molecules  of  water  to  make 
a  chain  one  centimeter  long,  or  122000000  of  them  to  make  a  row 
one  inch  long. 

The  number  of  molecules  in  the  whole  gram  of  water  would  be 
the  cube  of  48000000,  or  111000,000000,000000,000000,  or  in 
words,  about  one  hundred  eleven  thousand  million  million  million. 
In  one  pound  of  water  there  are  about  50,000000,000000,000000,- 
000000  molecules,  about  as  many  to  the  pound  as  there  are  parts 
of  the  whole  earth  if  it  were  done  up  in  quarter-pound  packages. 
If  the  pound  of  water  were  spread  out  in  a  film  one  molecule 
thick,  it  would  cover  about  550  acres,  and  if  drawn  out  into  a 
string  the  pound  would  extend  6,600000,000000  miles. 

Knowing  the  size  of  the  molecules,  it  is  possible  to  obtain  some 
idea  of  the  forces  exerted  by  water  molecules  upon  one  another. 
If  a  belt  of  water,  one  foot  wide  and  one  fourth  of  an  inch  thick, 
could  be  made  in  such  a  manner  that  all  the  molecules  would  act 
as  if  they  were  in  the  surface  and  had  to  exert  their  own  proper 
force  instead  of  running  away  from  the  points  of  stress,  the  belt 
would  consist  of  30000000  layers  superposed,  and  since  one  layer 
would  sustain  a  force  of  about  1/6  of  an  ounce,  the  whole 
30000000  layers  would  sustain  a  stress  of  about  300000  pounds, 
as  much  as  if  it  were  made  of  strong  steel. 


The  Lowest  Temperature  on  Record.— By  the  use  of  a  specially  con- 
structed apparatus,  in  which  helium  was  evaporated  in  a  vessel  surrounded 
by  liquid  helium,  Professor  Kamberlingh  Onnes  has  succeeded  in  evap- 
orating helium  at  a  pressure  of  about  two  tenths  of  a  millimeter.  The 
temperature  thus  attained  corresponds  to  about  1.8  degrees  absolute. 
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SOME  RESULTS  OF  A  GENERAL  SOIENOE  OOUBSE. 

By  J.  L.  Thalman, 
Oak  Park,  III 

Much  has  been  said  from  time  to  time  concerning  the  effect  of 
an  elementary  science  course  upon  the  election  of  the  advanced 
sciences  later  on,  although  there  have  been  no  definite  data  on 
which  to  base  any  conclusions. 

In  the  Oak  Park  and  River  Forest  Township  high  school  we 
have  had  a  prescribed  course  in  elementary  science  for  the  past 
twelve  years.  During  that  time  much  material  has  been  experi- 
mented upon,  but  the  course,  as  given  at  present,  has  been  prac- 
tically the  same  the  past  three  years.  Thus  the  results  below  give 
a  fair  showing  of  the  effect  of  our  elementary  science  course  upon 
the  elections  of  our  advanced  courses  for  the  years  1908- 1912, 
inclusive. 


Year 

Total 
EartUHtit 

at  least  Oae 
Scleice 

Per 
Celt 

N»bcrelcctiif 

at  least  Two 

Sciences 

Per 
Celt 

NnHber  ekcliif 

at  least  Three 

Scleices 

Per 
Celt 

1908 
1909 
1910 
1911 
1912 

113 
75 
134 
114 
124 

60 

47 
82 
76 

83 

53 
62.6 

61.2 

66 

67 

25 
17 
26 
29 
29 

22 

22.7 

20 

25.4 
23.4 

5 
3 
2 
6 
6 

4.4 

4 

1.5 

6 

6 

In  the  table  will  be  found  first  of  all  the  total  number  of  stu- 
dents graduated  in  the  classes  of  '08,  '09,  '10,  '11,  and  those  ex- 
pected to  graduate  in  '12.  Following  this  the  number  in  each 
class  who  have  elected  respectively,  at  least  one,  two,  or  three 
sciences. 

Elementary  science  is  compulsory  for  all  first  year  students 
and  is  prerequisite  for  the  courses  in  botany,  zoology,  physical 
geography,  chemistry,  and  physics,  which  are  all  electives. 

Reference  to  the  per  cent  columns  shows  the  number  electing  at 
least  one  science  to  have  increased  for  the  period  covered  from 
fifty-three  per  cent  in  1908  to  sixty-seven  per  cent  in  1912.  Or 
stated  differently  the  number  electing  at  least  one  science  in  191 2 
is  over  twenty-five  per  cent  greater  than  the  number  electing  one 
science  in  1908 — surely  a  gratifying  increase.  The  per  cent  of 
those  electing  at  least  two  sciences  has  increased  from  22%  in 
1908  to  2554%  in  191 1  and  to  23.4%  in  1912,  while  the  increase 
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of  those  electing  at  least  three  sciences  is  from  4.4%  in  1908  to 
5%  in  1912. 

It  will  thus  be  seen  that  the  number  of  students  electing  the 
sciences  in  our  school  is  decidedly  on  the  increase. 

The  full  significance  of  these  figures  is  appreciated  only  when 
one  understands  the  conditions  and  opportunities  for  electives. 
Of  the  sixteen  units  (a  unit  is  the  credit  given  for  a  full  school 
year's  work  in  a  subject)  required  for  graduation,  nine  units  are 
prescribed,  leaving  seven  to  be  elected.     These  may  be  elected 


1909 


1910 


1911 


1912 


1908 
100 

90 

80 

70 

60 

50 

40 

30 

20 

10 


Lines  i,  2,  and  3  Represent,  Respectively,  the  Per  Cent 
Electing  One,  Two  or  Three  Sciences. 

from  a  field  of  over  forty  courses  offered.  But  if  a  student  elects 
Latin,  he  must  complete  three  years  of  the  subject  for  full  credit, 
leaving  but  four  electives ;  or,  if  he  elects  a  modern  language  he 
must  complete  two  years  of  the  subject  to  receive  any  credit  in 
it  at  all,  leaving  but  five  electives.  For  these  four  or  five  elec- 
tives, as  the  case  may  be,  he  chooses  from  the  above  mentioned 
large  number  of  courses  offered.  Science  elections  are  steadily 
increasing  and  the  time  seems  not  far  distant  when  all  students 
graduating  from  our  school  will  have  had  at  least  one  advanced 
science  in  addition  to  his  elementary  course,  which  is  the  end  de- 
sired for  the  student  to  gain  the  greatest  benefit  from  the  train- 
ing received  in  the  general  science  course. 
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A  SIMPLE  DEVICE  TO  ILLUSTRATE  THE  PATH  OF  PBOJEO- 

TILES. 

By  John  W.  Scoville, 
Central  High  School,  Syracuse,  N.  Y. 

A  simple  device  to  show  to  a  class  the  path  of  a  projectile 
may  be  made  as  follows :  On  a  yard  two  stick  take  points,  A,  B,  C, 
etc.,  at  five  inch  intervals.  At  these  points,  suspend  pieces  of 
thread,  each  having  a  small  ball  (a  shoe  button,  bead,  or  buck 
shot  will  answer)  attached  to  its  lower  extremity.  The  thread 
at  B  is  to  be  short  (say  half  an  inch)  and  the  next  threads  are 
to  be  4,  9,  i6,  etc.,  times  as  long  as  the  thread  at  B.  Then  the 
positions  taken  by  the  balls  will  represent  the  positions  of  the 


projectile  at  the  end  of  successive  seconds,  the  distance  AB  will 
represent  the  muzzle  velocity  of  the  bullet,  the  distance  BB'  rep- 
resents half  the  acceleration  of  gravity  and  tlie  angle  KAK' 
gives  the  elevation  of  the  gun.  In  five  seconds  the  bullet  would 
go  from  A  to  F  if  it  did  not  fall  and  in  five  seconds  it  would 
fall  a  distance  equal  to  FF'.  Hence  F'  marks  the  position  of 
the  bullet  at  the  end  of  the  fifth  second.  The  inclination  is  easily 
changed  and  the  corresponding  effect  on  the  projectile  path 
noted.  When  the  elevation  is  45**  the  range  is  greatest  and  the 
highest  altitude  reached  by  the  bullet  is  one  fourth  the  range. 
If  K  is  held  directly  over  A,  the  balls  show  the  successive  posi- 
tions of  the  bullet  when  the  gun  is  fired  directly  upward;  if  A  is 
held  over  K,  the  bullet  is  fired  straight  down. 
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THE  OPPOBTUNITT  NOW  BEFORE  TEACHERS  OF  PHTSI08. 

By  J.  M.  Jameson, 
Pratt  Institute,  Brooklyn. 

The  movement  for  industrial  education  now  sweeping  the 
country  is  of  the  highest  interest  to  teachers  of  physics.  It 
points  the  way  to  the  fulfillment  of  a  great  opportunity  for  phys- 
ics teaching,  while,  at  the  same  time,  emphasizing  in  no  uncer- 
tain manner  the  necessity  for  general  and  most  radical  changes 
in  the  subject-matter  and  methods  of  the  present  preparatory 
physics  if  it  is  to  retain  a  place  of  any  considerable  importance 
in  the  public  school.  It  is  time  for  physics  teachers  to  recognize 
and  to  discuss  the  situation  fully,  for  there  can  be  no  question  as 
to  the  continued  growth  of  the  educational  ideas  of  which  the 
present  agitation  for  industrial  education  is  a  direct  outcome. 
These  ideas  appeal  to  the  business  sense  of  the  public,  and  com- 
mand, therefore,  the  support  of  manufacturers,  of  labor  organi- 
zations, and  of  business  men  of  all  classes,  who  see  in  a  school 
training  for  industrial  life  both  the  good  of  the  community  and 
advantages  to  their  children,  which  they  themselves  did  not 
enjoy  but  which  experience  has  taught  them  would  have  been  of 
inestimable  service,  and  which  the  public  schools,  as  now  organ- 
ized, do  not  provide.  Under  the  spur  of  earnest  conviction,  na- 
tional aid  to  industrial  education  is  already  projected ;  states  are 
enacting  compulsory  education  laws;  communities,  acting  inde- 
pendently in  their  own  interests,  are  appropriating  large  sums 
for  the  establishment  of  industrial  departments  in  already  exist- 
ing high  schools  or  for  new  buildings  for  technical  and  indus- 
trial high  schools  with  both  day  and  evening  classes. 

Thus  far  we  have  had  an  opportunity  to  observe  mainly  the 
increasing  willingness  with  which  the  public  purse  is  opened. 
But  buildings  and  equipment  do  not  necessarily  make  schools. 
The  success  of  industrial  education,  measured  by  the  amount 
of  training  of  real  value  as  a  preparation  for  life  which  it  suc- 
ceeds in  imparting,  is  yet  in  process  of  determination,  and  rests 
largely  with  school  men — executives  and  teachers.  Destructive 
criticism  is  always  vastly  easier  than  constructive  suggestion. 
The  best  school  preparation  for  the  life  that  one  is  to  live  is 
rather  a  complex  question,  the  answer  to  which  will  scarcely  be 
supplied  from  a  single  point  of  view.  The  industrial  educajtional 
movement  in  its  larger  sense,  and  its  evidence  of  general  public 
dissatisfaction  with  existing  conditions,  cannot   fail  to  modify 
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the  whole  public  school  system.  As  more  and  more  concrete 
information  becomes  available  through  the  success  with  which 
different  communities  meet  their  particular  educational  prob- 
lems, more  definite  standards  will  be  available  by  which  the  work 
of  public  school  teachers  may  be  judged.  And  when  one  bears 
in  mind  that  some  ninety  per  cent  of  the  pupils  in  our  public 
high  schools  leave  school  to  go  to  work  and  not  to  college,  it 
would  seem  that  the  problem  of  all  high  schools  is  much  the 
same,  and  that  we  are  likely  to  find  that  the  special  terms  "tech- 
nical" high  school  or  "industrial"  high  school,  to  distinguish 
from  what  maybe  called  simply  "the  high  school,"  are  hardly 
warranted  and  likely  soon  to  be  obliterated.  Some  day — ^soon,  I 
believe — instruction  for  the  masses  and  not  for  the  few  will  be 
typical  of  our  public  schools:  if  school  men  won't  lead,  then 
more  power  to  the  movement  which  stirs  up  a  tax  paying  public 
Not  by  any  means  least  among  the  results  which  we  may  expect 
to  grow  out  of  the  movement  for  industrial  education  is  the  re- 
active effect  which  shall  bring  about  a  modification  and  readjust- 
ment of  the  work  and  the  aims  of  our  old  line  public  high  schools, 
whose  organization  we  had  come  to  regard  as  pretty  well  fixed. 

That  education  which  prepares  with  directness  for  the  life  of 
a  community,  like  all  systems  of  education  with  elementary 
pupils,  must  not  scatter  its  effectiveness  through  too  great  over- 
loading of  the  daily  program.  The  real  backbone  of  any  elemen- 
tary school  plan  must  be  found  in  a  few  really  fundamental  sub- 
jects frequently  and  properly  presented.  To  these  must  be  given 
the  bulk  of  the  time  schedule  and  an  arrangement  of  periods 
which  shall  insure  their  proper  presentation.  Now  no  scheme 
of  instruction  can  hope  to  train  broadly  and  efficiently,  in  these 
modern  days,  in  aptitude  and  initiative  for  meeting  life  prob- 
lems as  they  arise,  in  capacity  for  growth  rather  than  mere  dex- 
terity in  a  limited  field,  which  does  not  provide  generously  for 
teaching  the  fundamental  principles  of  all  work  and  all  work 
processes ;  which  does  not  emphasize  efficiency  in  the  utilization 
of  energy  and  what  such  efficiency  involves;  which  does  not  pro- 
vide for  a  quick  comprehension  of  machines  and  mechanical 
processes  of  all  types,  and  for  initiative  and  capacity  in  thinking 
about  practical  affairs. 

Instruction  of  this  type  belongs  properly  to  the  physics  class 
room  and  laboratory,  and  in  just  the  same  measure  as  the  train- 
ing h6re  briefly  suggested  is  an  indispensable  preparation  for 
modem  life,  physics  of  a  kind  to  effectively  provide  it  becomes 
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an  indispensable  part  of  the  program  of  the  public  high  school. 
Physics  should  not  be  an  elective  or  a  part  time  subject.  It 
should  take  its  place  with  English,  mathematics  and  drawing  as 
one  of  the  fundamental  and  full  time  subjects  of  the  public  high 
school.  And  when  physics  teachers  agree  upon  this  fact,  when 
they  make  physics  an  interesting,  usable  subject  of  everyday  life 
instead  of  a  formal,  abstract  discussion  of  only  historic  interest, 
this  in  my  judgment  is  the  position  to  which  it  may  soon  arrive. 
To  put  the  matter  forcibly  if  inelegantly,  "it  is  up  to  us"  as 
physics  teachers  whether  we  will  develop  a  type  of  instruction 
which  shall  win  confidence,  appreciation,  and  standing  through 
the  results  that  it  obtains,  or  whether  we  will  permit  our  subject 
to  be  displaced  because  dry,  formal,  and  of  little  real  application. 
For  certainly  the  newer  standard  of  values  now  shaping  will  find 
little  worth  in  the  prevalent  type  of  preparatory  physics. 

This  development  of  elementary  physics  to  fit  the  conditions 
of  modem  life  will  take  time,  and  will  require  united  effort  and 
discussion  on  the  part  of  physics  teachers.  It  will  involve  sev- 
eral radical  changes  in  the  selection  of  material  to  be  taught,  in 
the  manner  and  order  of  presentation,  and  in  laboratory  equip- 
ment. In  the  first  place,  we  are  now  covering  altogether  too 
much  ground  and  presenting  too  many  unrelated  ideas  for  the 
immature  mind.  High  school  physics  is  too  often  a  high  speed 
commentary  on  all  the  field  of  physics — ^  sort  of  abbreviated  en- 
cyclopedia of  facts,  and  like  encyclopedias  in  general,  pretty  dry 
and  unproductive.  I  wonder  why  physics  teachers  feel  that  this 
is  necessary?  A  secondary  school  course  in  any  subject  is  nec- 
essarily incomplete,  and  why  should  not  its  incompleteness  be 
that  of  some  real  accomplishment  in  a  few  selected  topics  rather 
than  an  entirely  inadequate  and  unsatisfactory  attempt  at  many 
topics?  There  is  always  interest  and  satisfaction  in  digging 
into  a  thing  until  we  feel  that  we  really  know  something  about  it 
in  a  full  and  usable  sense.  We  may  make  our  teaching  much 
more  effective  by  selecting  for  study  and  discussion  a  few  of 
the  larger,  more  important,  general  principles  and  then  making 
these  stand  out  sharply,  unclouded  in  a  mass  of  lesser  ideas. 

Then,  again,  we  should  select  topics  and  problems  more  suited 
to  young  minds  and  more  intimately  associated  with  the  everyday 
life  of  the  pupils.  This  may  mean  widely  different  equipment 
and  widely  different  treatment  in  different  communities  and 
schools.  If  so,  all  the  better:  we  do  our  best  teaching  when  not 
too  greatly  tied  to  precedent  and  the  written  requirements  set 
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only  too  often  by  those  least  familiar  with  the  actual  conditions 
under  which  we  work.  Our  present  requirements  in  physics  and 
our  present  laboratory  exercises  as  laid  down  for  college  en- 
trance have  been  developed  from  the  wrong  end.  Science  as 
one  grand  whole,  each  part  beautifully  fitting  in  with  and  supple- 
menting the  others,  is  a  splendid  conception — but  it  does  not  de- 
velop that  way.  That  is  a  backward  view  after  one  has  reached 
the  summit,  not  a  forward  one  as  the  beginner  is  climbing.  This 
or  that  principle  has  a  positive  fascination  for  the  trained  mind, 
viewed  with  regard  to  its  ability  to  make  clear  these  other  here- 
tofore difficult  questions  or  with  regard  to  its  relation  to  the 
whole  chain  of  scientific  reasoning,  but  this  is  no  reason  why  it 
is  or  should  be  equally  fascinating  to  the  mind  of  a  normal  boy 
or  girl,  nor  does  their  lack  of  response  furnish  legitimate  ground 
for  calling  them  stupid.  Merely  stripping  a  university  exercise 
of  some  of  its  external  difficulties,  through  such  simplification 
of  the  apparatus  that  a  secondary  school  pupil  is  able  to  manipu- 
late it  and  thus  "go  through  all  the  motions,"  does  not  make  it  a 
fit  exercise  for  such  pupils.  The  ideas  are  still  wrong  because 
so  unsuitable.  They  are  capable  of  arousing  interest  only  in  a 
mature  mind  interested  primarily  in  the  subject.  Never  by  any 
amount  of  conscientious  drill  on  the  part  of  teacher  or  pupil, 
can  they  be  made  to  produce  such  an  effect  upon  the  mind  of  the 
boy  or  girl.  And  after  all,  our  problem  is  not  physics  as  physics ; 
it  is  just  boys  as  boys  and  girls  as  girls.  Suppose  in  the  end  we 
have  not  built  the  foundation  complete  to  every  last  detail,  suppose 
some  of  our  ideas  do  go  into  the  first  story  or  the  second  story 
or  the  roof  of  the  completed  structure,  they  will  gradually  fall 
into  their  proper  place  as  the  pupil  gains  in  experience  and  knowl- 
edge, and  in  the  meantime  we  have  given  him  something  real 
and  worth  while  to  work  with,  something  which  enables  him  to 
explain  things  in  which  he  is  interested,  information  which 
enables  him  to  do  things. 

And  not  only  do  we  often  attempt  to  force  upon  immature 
pupils  exercises  which  are  unsuitable  and  lacking  in  intrinsic  in- 
terest, but  we  too  often  follow  a  wrong  order  in  presenting  the 
work.  To  build  up  from  fundamental  principles,  step  by  step, 
ending  with  the  applications  of  the  principles,  is  not  the  order 
of  greatest  interest  nor  is  it  the  order  in  which  knowledge  is 
oftenest  acquired.  A  better  method,  both  with  regard  to  total 
actual  accomplishment  and  with  regard  to  the  time  saved,  fre- 
quently is  to  plunge  into  a  bigger  problem,  and  then  gradually 
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sort  out  and  arrange  our  facts  until  a  satisfactory  understanding 
is  arrived  at.  This  method  develops  initiative  and  self-reliance. 
It  trains  the  pupils  to  use  the  information  they  already  have, 
and  does  not  squander  time  over  intuitively  known  or  self-evi- 
dent facts,  which  if  assumed  and  used,  readily  become  a  part 
of  a  student's  working  knowledge  without  the  necessity  of  formal 
demonstration.  This  method,  too,  puts  such  interest  killers  as  ex- 
ercises in  measurements  in  their  proper  place  as  a  means  to  an  end, 
not  an  end  in  themselves.  The  time  to  measure  a  length  is  when  the 
length  is  required  for  definite  use,  as  for  example,  a  moment  arm, 
the  height  of  a  mercury  column,  the  length  of  a  beam,  the  length 
of  a  wire  under  test,  etc.  The  time  to  learn  the  principle  and  use 
of  the  micrometer  is  when  it  is  required  for  measuring  a  neces- 
sary value  as  the  expansion  of  a  rod  by  heat,  the  deflection  of  a 
beam,  etc.,  and  the  time  to  learn  to  use  a  vernier  is  when  re- 
quired to  read  a  barometer  or  other  vernier  instrument.  And  ^ 
these,  also,  are  the  occasions  on  which  to  teach  the  pupil  to  really  '  -f  \ 
appreciate  the  problem  he  is  undertaking,  and  the  character  and 
value  of  the  information  he  is  obtaining,  through  directing  his 
attention  to  the  degree  of  precision  required  in  different  opera- 
tions and  the  proper  use  of  significant  figures  in  expressing  his 
result.  We  not  only  fail  to  teach  our  students  all  we  should, 
but  we  are  doing  them  positive  harm  when  we  permit  them  to  ^'  j| 
weigh  the  water  in  a  calorimeter  to  i/iooth  of  one  per  cent  when 
they  cannot  possibly  determine  the  temperature  change  to  better 
than  two  or  three  per  cent;  or  when  we  accept  a  P  V  product 
carried  to  seven  significant  figures  or  a  modulus  of  elasticity 
expressed  to  four  decimal  places. 

This  method  of  attacking  the  problems  of  physics  on  a  larger 
scale  would  bring  about  a  much-needed  change  in  the  character 
of  the  equipment  for  the  physics  laboratory.  Physics  which  is  to 
be  usable,  and  which  is  not  to  be  left  behind  when  the  class  room 
or  laboratory  door  is  shut,  must  deal  with  the  real  apparatus  of 
everyday  life  and  not  with  special  affairs  of  extraordinary  refine- 
ment, never  encountered  outside  the  laboratory.  For  several 
years  past,  the  department  of  physics  at  Pratt  Institute  has  been 
endeavoring  to  develop  a  series  of  laboratory  exercises  for  use 
with  classes  in  mechanics,  heat,  and  electricity,  which  would  re- 
produce, as  far*  as  feasible  in  a  school  laboratory,  actual  com- 
mercial problems,  or  which  would  present  fundamental  principles 
and  laws  under  the  conditions  in  which  they  are  met  in  life.  The 
apparatus  for  these  exercises  has  been  built  largely  in  the  Insti- 
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tute  shops,  as  far  as  possible  from  commercial  parts,  and  of  a 
size  to  suggest  possibilities  of  actual  use  and  thus  command  both 
interest  and  respect.  The  lack  of  delicacy  in  the  case  of  certain 
pieces  has  been  found  to  be  more  than  made  good  by  the  par- 
ticular opportunity  which  such  apparatus  furnishes  for  training 
in  initiative  and  judgment  in  securing  data,  in  avoiding  or  correct- 
ing for  errors,  and  in  determining  to  what  extent  the  results  ob- 
tained express  a  natural  law  or  depend  upon  purely  accidental 
conditions. 

The  results  reached  through  these  exercises  indicate  that  the 
efficiency  of  the  instruction  in  the  fundamental  principles  of 
physics  has  in  no  way  been  diminished,  while  at  the  same  time, 
there  has  been  a  marked  increase  not  only  in  interest  but  in  the 
ability  of  the  students  to  apply  their  physics,  and  in  their  general 
resourcefulness,  quickness  of  perception,  and  power  of  accom- 
plishment. As  these  are  the  kind  of  results  in  physics  teaching 
that  the  writer  has  been  urging  throughout  this  article,  it  is  felt 
that  perhaps  no  better  argument  could  be  made  than  to  outline 
some  of  these  exercises,  in  considerable  detail.  It  is  not  claimed 
for  them  that  they  are  perfect  or  the  "last  word  on  the  subject" 
It  is  hoped,  however,  that  some  of  them  may  prove  suggestive, 
and  that  they  may  arouse  discussion  and  criticism,  which  not 
only  will  enable  the  writer  to  improve  upon  his  own  suggestions, 
but  may  also  be  of  value  to  other  teachers  of  physics.  It  is  only 
through  some  such  mutual  effort  and  exchange  of  ideas  that 
physics  teaching  may  hope  to  realize  the  great  possibilities  now 
before  it. 

GROUP   I.      APPLICATIONS  OF  THE  PARALLELOGRAM  OF  FORCES. 

The  single  exercise  with  three  forces  applied  to  cords  attached 
at  a  common  point,  as  usually  given  on  the  principle  of  the 
parallelogram  of  forces,  while  an  excellent  introductory  exercise, 
is  of  little  real  value  unless  followed  by  others  in  which  the  prin- 
ciple is  to-be  applied  under  more  actual  conditions.  It  is  often  as- 
tonishing to  discover  how  apparently  clear  this  law  is  in  its 
book  form  to  pupils  who  are  unable  to  make  the  slightest  prog- 
ress in  applying  it  in  the  determination  of  the  forces  in  the  mem- 
bers of  a  simple  actual  structure.  And  certainly  mechanics  to  be 
valuable  must  be  usable.  There  should  be,  in  every  physics  lab- 
oratory, several  small  models  of  simple  practical  structures  with 
which  the  pupil  may  study  for  himself  the  application  of  the  law. 
In  these,  the  load  applied  and  the  weight  of  the  parts,  where  nec- 
essarily considered,  should  be  assimied  as  the  only  known  forces, 
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and  from  these,  the  forces  in  the  different  members  of  the  struc- 
ture are  to  be  determined.  Angles,  dimensions,  etc.,  are  to  be 
taken  from  the  apparatus  as  required.  The  computed  results  are 
to  be  checked  in  every  instance  by  comparison  with  the  readings 
of  spring  balances  inserted  in  the  members  of  the  model.  The 
greater  the  variety  of  apparatus  the  better.  It  is  not  necessary 
that  each  pupil  should  work  with  every  piece;  much  will  be 
learned  from  mere  observa- 
tion, from  discussion  of  the 
results  obtained  by  others, 
etc.  Among  exercises  apply- 
ing the  principle  of  the  par- 
allelogram of  forces,  the  fol- 
lowing are  suggested  as  hav- 
ing been  found  satisfactory : 

(fl)      THE    STICK    AND    TIE. 

This  apparatus  will  be  clear 
from  Fig.  i.  The  directions 
to  the  student  and  the  opera- 
tions that  he  is  to  perform 
may  be  similar  to  the  follow- 
ing suggested  form,  in  which 
B  indicates  the  end  of  the  stick 
at  the  support,  C  the  outer 
end  to  which  the  tie  is  at- 
tached, E  the  hook  vertically 
above  the  foot  to  which  the 
tie  is  fastened,  and  L  the  load. 


Fig.  I.  Stick  and  Tie. 


EXPERIMENT  11-^.    THE  FORGES  IN  A  SIMPLE  STICK  AND 

TIE. 

(From   Physics  Laboratory  Notes,   Part  I.     Copyright   1911,   by  J.   M. 
Jameson,  Brooklyn,  N.  Y.) 

Apparatus  in  tlie  Laboratory:  Stick  with  foot  support;  two  spring 
balances;  scale  pan  and  weights. 

Apparatus  from  the  Stock  Room:    Large  protractor. 

Arrange  your  apparatus  as  in  the  diagram.  The  stick  BC  should  not 
be  horizontal.  Make  the  weight  L  large  enough  to  stretch  balance  F 
almost  to  its  full  scale  reading.  The  weight  of  the  stick  is  here  so  small 
in  comparison  with  the  other  forces  that  it  may  be  neglected. 

Measure  the  angles  BCL  and  ACL  and  weigh  L. 

By  means  of  a  diagram,  drawn  carefully  to  scale,  find  the  tension  in 
AC.    Check  by  reading  the  balance  F  and  comparing  it  with  your  result. 
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By  the  same  diagram,  find  the  compression  BC  must  stand.  Test  this  br 
attaching  a  second  balance  at  S  and  pulling  out  in  the  line  of  the  stick 
BC  until  the  end  of  the  stick  at  B  just  leaves  the  wall.  This  pull  checks 
the  compression  in  the  stick  BC,  with  which  it  should  be  compared. 

Record  on  your  diagram  all  necessary  angles  and  readings. 

Change  the  angle  of  the  stick  to  the  wall  and  repeat  your  tests,  making 
the  necessary  diagrams  and  taking  check  readings  as  before. 

Problem:  A  stick.  BC,  10  feet  long,  is  at  an  angle  of  42®  to  the  verti- 
cal. The  tie  CA  is  horizontal.  The  load  L  is  2  tons.  Compute  the  ten- 
sion in  CA  and  the  thrust  against  the  foot  at  B. 

It  will  be  observed  that  this  exercise  illustrates  the  principle 
of  the  derrick.  An  instructive  variation  of  the  problem  will  be 
found  in  changing  the  angle  of  the  stick  to  the.  vertical,  the  direc- 
tion of  the  tie,  etc.,  and  noting  the  effect  upon  the  tension  in 
the  tie  and  the  compression  in  the  stick  for  the  same  load. 

(6)       THE  SIMPLE  ROOF  TRUSS. 

The  construction  of  the  model  will  be  evident  from  the  photo- 
graph, Fig.  2.     The  joint  at  the  apex  is  a  freely  moving  pin 


Fig.  2.    Model  of  a  Roof  Truss. 

joint.    The  lower  end  of  one  stick  is  held  rigid  by  a  pin  through 
the  frame  which  serves  as  a  guide  to  keep  the  truss  vertical,  and 
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the  lower  end  of  the  other  stick  is  "floating,"  held  by  the  vertical 
and  horizontal  cords,  which  supply  the  vertical  and  horizontal 
reactions  at  that  end.    Either  end  may  be  floated  as  desired. 

In  use,  a  load  L  is  suspended  from  the  apex  and  the  vertical 
and  the  horizontal  cords  are  then  adjusted.  The  total  load  at 
the  apex  is  then  L  plus  J4  the  weight  of  the  side  members,  pro- 
vided these  are  uniform  in  size.  The  student  may  now  measure 
the  necessary  angles  and  determine  the  compression  in  the  sticks 
graphically  by  the  parallelogram  of  forces.  The  horizontal  com- 
ponent of  the  compression  in  the  sticks  now  gives  the  tension  in 
the  horizontal  tie  which  keeps  the  feet  from  spreading ;  this  may 
be  checked  by  comparison  with  the  reading  of  the  balance  in- 
serted in  the  tie.  The  vertical  component  of  the  compression, 
plus  one  half  of  the  weight  of  a  stick,  is  the  vertical  pressure 
at  the  foot.  This  may  be  checked  by  comparison  with  the  read- 
ing of  the  balance  in  the  vertical  cord. 

The  exercise  may  be  made  even  more  suggestive  if,  in  place  of 
a  single  load  suspended  from  the  apex,  we  apply  a  distributed  load 
over  both  members  by  means  of  heavy  iron  or  lead  slabs.  The 
conditions  are  then  those  of  an  actual  truss  with  the  roof,  wind, 
snow,  etc.,  loads.  If  uniformly  distributed,  a  half  of  the  total 
load  on  each  stick  may  be  regarded  as  acting  at  each  end;  if  not 
uniformly  distributed,  the  center  of  gravity  of  the  slab  may  be 
found,  and  from  this  the  relative  amounts  at  each  end  may  be 
determined.  The  solution  is  then  to  be  completed  as  before,  using 
as  the  load  only  the  weight  that  comes  on  the  apex.  The  stu- 
dent should  notice  that  the  half  loads  at  the  foot  of  the  sticks 
merely  produce  vertical  pressures  on  the  supports  and  are  not 
to  be  considered  in  computing  the  compression  in  the  sticks,  also 
that  where  the  side  loads  are  not  the  same,  the  horizontal  com- 
ponents of  the  thrusts  at  the  feet  are  equal  while  the  vertical  com- 
ponents are  different. 

(c)       THE  SIMPLE  TRUSS. 

The  stick  and  tie  shown  in  Fig.  i  when  arranged  as  in  Fig.  3 
with  the  stick  horizontal,  furnishes  an  illustration  of  a  common 
simple  truss  construction.  The  data  and  the  graphical  solution 
for  the  tension  in  the  tie  and  the  compression  in  the  stick  are 
here  the  same  as  for  the  stick  and  tie,  and  check  readings  are 
obtained  in  the  same  manner.  Or,  if  desired,  the  apparatus  may 
be  used  as  a  simple  illustration  of  the  anal3rtical  conditions  for 
the  equilibrium  of  concurrent  forces  in  one  plane.    The  force  in 
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CB  having  been  resolved  into  its  rectangular  components,  we 
have  the  horizontal  component,  H,  equal  to  the  pull  required  to 
free  the  foot  of  the  rod  from  the  wall,  and  the  vertical  component 
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Fig.  3. 

V  equal  to  the  load  suspended  from  B.     The  student  thus  has 
an  illustration  cf  the  general  equations.  Sum  X  =  o,  and  Sum 


Y  =  o,  in  their  simplest  form. 


Fig.  4-     Model  of  a  Hoisting 
Crane. 


(d)      THE  HOISTING  CRANE. 

This  exercise  may  be  per- 
formed with  a  small  commer- 
cial floor  crane  or  with  the 
wooden  model  shown  in  Fig. 
4.  This  model  uses  the  same 
back  board  and  foot  support 
as  Figs.  I  and  3,  with  a 
heavier  jib  fitted  with  a  pulley, 
in  place  of  the  light  rod.  The 
construction  will  be  apparent 
from  the  figure.  A  clevis  at 
B,  to  which  a  second  balance 
may  be  attached,  enables  the 
student  to  pull  outward  in  line 
with  the  jib  until  the  foot  A 
is  just  free  from  the  pin  and 
thus  check  the  computed  com- 
pression in  that  member.  The 
procedure  for  the  exercise  will 
be  seen  from  the  following 
suggestion  for  a  student  di- 
rection sheet. 
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EXPEBQfENT  13—4.    THE  H0I8TIN0  ORANE. 

(From   Physics  Laboratory  Notes,   Part  I.    Copyright   1911,   by  J.  M. 
Jameson.  Brooklyn,  N.  Y.) 

Apparatm  in  the  Laboratory:  Rod  with  pulley  and  foot  support;  two 
spring  balances;  scale  pan  and  weights. 

Arrange  your  apparatus  as  in  the  figure.  DBL  is  a  continuous  cord 
from  the  reel,  supposed  to  be  at  D,  over  the  pulleys  at  B  to  L.  The  tension 
in  this  cord  is  to  be  assumed  as  the  same  on  both  sides  of  the  pulley. 

Weigh  the  load  L  and  the  boom  AB.  Consider  the  load  L  and  weight 
of  AB  as  the  known  forces.  Half  of  the  weight  of  AB  is  to  be  taken 
at  A,  half  at  B.    Measure  the  necessary  angles. 

Contruct  a  force  diagram  for  the  point  B,  and  solve  for  the  tension 
in  the  tie  CB  and  the  compression  in  AB. 

Compare  the  computed  tension  with  the  balance  reading  at  C,  and  tht 
computed  compression  to  the  pull  required  to  free  the  end  A  of  the  stick 
from  the  pin.    Indicate  all  computations. 

Note:  In  reading  the  balance  at  C,  care  should  be  taken  to  get  rid  of 
the  effects  of  friction.  This  may  be  done  by  tapping  the  member  AB, 
and  after  the  balance  comes  to  rest,  taking  a  reading.  The  average  of 
several  readings  so  taken  should  be  accurate.  Angles  should  be  obtained 
as  in  Exp.  11-2. 

The  forces  at  B  are  to  be  resolved  graphically  or  by  simple 
trigonometry  and  the  values  of  the  horizontal  and  vertical  com- 
ponents expressed  in  terms  of  the  whole  force.  Then,  since  the 
components  to  the  right  of  B  must  equal  the  components  to  the 
left,  and  the  components  upward  must  equal  the  components 
downward,  two  equations  may  be  written  from  which  the  tension 
in  BC  and  the  compression  in  BA  may  be  found.  Or  if  preferred, 
the  method  of  the  graphical  polygon  may  be  employed  for  the 
solution. 

(Continued  in  the  April  issue.) 


GEOLOGY  A  HELP  IK  BUILDING  OONSTBUGTION. 

Economic  geology  is  a  science  which  is  frequently  invoked  in  de- 
termining the  commercial  availability  of  structural  materials.  No  one 
better  than  the  trained  geologist  can  determine  from  its  age,  structure, 
and  composition  whether  a  deposit  of  rock  or  clay,  for  instance,  is 
capable  of  being  put  to  a  successful  commercial  use.  In  addition  to  cer- 
tain specific  geologic  investigations  to  determine  the  value  of  raw  build- 
ing materials,  the  geologists  of  the  United  States  Geological  Survey,  as 
incidental  to  their  other  work,  which  carries  them  to  all  parts  of  the 
United  States,  are  constantly  observing  and  reporting  on  deposits  of 
such  materials  which  they  may  chance  to  encounter. 
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A  PROPOSED  SYLLABUS  ON  BIOLOGY.' 

Owing  to  the  indefiniteness  of  our  instructions  your  committee 
on  Syllabus  for  Biology  Courses  in  the  High  School  has  not  felt 
that  it  should  undertake  to  prepare  a  definite  outline  of  study. 
We  have  contented  ourselves  with  a  statement  of  what  we  con- 
sider the  purposes  which  should  control  the  formation  of  such  a 
syllabus  and  the  selection  of  text-books,  together  with  an  intima- 
tion of  the  general  types  of  topics  which  should  be  represented. 

I.  Such  a  course  should  seek  the  following,  among  the  possi- 
ble things : 

1.  The  production  and  conservation  of  a  vital  interest  in  plants  and 
animals. 

2.  An  appreciation  of  the  human  values  of  plants  and  animals. 

3.  The  encouragement  of  the  attitude  of  raising  and  solving  problems 
concerning  plants  and  animals. 

4.  Some  ability  to  use  the  library,  the  field,  and  the  laboratory  in  in- 
dividual pursuit  of  these  interests. 

5.  The  ability  to  sustain  interest  in  these  problems  through  considera- 
ble periods. 

6.  A  sense  of  organic  response  to  the  environing  conditions. 

7.  An  elementary  conception  of  development  and  of  the  evolutionary 
series  of  animals  and  plants. 

8.  Some  knowledge  of  living  material;  its  organization  in  plants  and 
animals;  its  properties  and  the  relation  of  these  to  the  activities  of  the 
organism. 

9.  Some  experience  in  classification  of  organisms — ^theoretical  and 
practical. 

10.  A  conception  of  the  place  of  man  in  the  biological  series,  along 
with  the  conviction  that  this  does  not  invalidate,  but  rather  heightens, 
the  meaning  of  all  the  higher  human  qualities. 

11.  A  sane,  wholesome  appreciation  of  the  origin  and  meaning  of 
sex,  and  of  its  bearing  on  human  life. 

The  committee  believes  that  it  is  not  desirable,  even  if 
possible,  to  have  uniform  courses  in  biology  in  the  different 
schools  of  the  state.  We  believe,  however,  that  all  exercises  in 
all  schools  should  be  handled  in  such  a  way  as  to  secure  the  "sci- 
entific habit,"  which  includes  among  other  things — the  habit  of 
correct  observation ;  of  accurate  expression  of  these  observations 
both  by  means  of  notes  and  drawings ;  of  discriminating  between  i 

superficial  and  essential  observations;  of  correct  thinking;  and  I 

of  willingness  to  retest  the  final  conclusions  when  new  evidence  I 

appears.  | 

II.  In  order  to  do  these  things  in  zoology,  the  following  among 
other  possible  exercises  should  be  included : 


lOfferad  by  the  Standing  Committee  of  the  Bloloffy  Section  of  the  Hiffh  School  Con- 
ference at  the  Univeraity  of  niinols.  Nov.  23-29.  1911.  The  committee  consists  of  T.  W. 
Galloway.  Guy  I,.  Koons.  W.  W.  Whitney.  O.  W.  CaldweU.  Fkith  McAuley.  and  T.  I,. 
Bfenkinson. 
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1.  Exercises  specially  introducing  to  the  local  field,  and  showing  the 
general  relation  of  animals  to  their  surroundings.  By  field  is  meant  the 
whole  outdoor  natural  resources  of  land  and  water  and  air,  reasonably 
available  to  the  student,  whether  extended  or  limited. 

[The  time  estimates  below  are  purely  provisional  and  suggestive  and 
are  expressed  on  the  basis  both  of  }4  year  in  zoology  (first  figures),  and 
of  1  year  (second  figures).  The  numerators  represent  periods  devoted  to 
laboratory  or  observational  work;  the  denominators  text-book  or  refer- 
ence work.    It  is  not  implied  that  this  order  of  exercises  is  essential.] 

Time:  3 — 1  —  5 — 1  periods. 

2.  Exercises  introducing  to  the  somewhat  artificial  resources,  as  fields, 
gardens,  greenhouses,  barnyards,  zoological  gardens,  stock  yards,  mu- 
seums, etc. 

Time :  3—0  —  5—0  periods. 

3.  Exercises  introducing  to  the  library  and  all  related  helps,  and  the 
best  method  of  using  them. 

Time:  2 — 4  periods. 

4.  Similar  exercises  introducing  to  the  laboratory  and  its  apparatus, 
and  the  method  of  using  to  advantage. 

Time:  2 — 4  periods. 

5.  Exercises  of  collecting,  note-taking,  and  rough  identification  of  the 
common  types  of  animals  by  means  of  pictures  and  descriptions,  and 
by  the  use  of  keys. 

Time:  5 — 8  periods. 

6.  The  careful  study  of  some  representative  animal  that  will  suitably 
and  convincingly  illustrate  the  general  adjustment  of  animals  to  the  sur- 
roundings, the  differentiation  of  organs^  and  the  relation  of  these  organs 
to  the  work  which  must  be  done  by  the  organism  (ecology,  physiology, 
and  morphology). 

Time:  14—1  —  14—1  periods. 

7.  A  series  of  exercises  developing  inductively  the  observable  differ- 
ences between  inorganisms  and  organisms;  and  between  plants  and 
animals. 

Time:  4 — 4  periods. 

8.  Exercises  to  show  the  nature  of  the  main  phyla  of  animals  and 
their  progressive  character.  These  should  include  at  least  the  protozoa; 
the  worms;  the  mollusks;  the  arthropods;  and  the  vertebrates,  inclusive 
of  man. 

Time:  15—15  —  30—30  periods. 

9.  A  group  of  exercises  to  stress  the  points  at  which  animals  most 
deeply  touch  human  welfare,  both  directly  and  indirectly. 

Time :  5 — 1  —  15 — 1  periods. 

10.  Exercises  calling  for  the  continued  study  of  some  type  or  types, 
in  natural  conditions,  through  the  whole  period  of  study.  Calendar 
studies. 

Time:  Scattered  through  year,  but  aggregating  10—20  periods. 
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11.  Some  studies  specifically  illustrative  of  variation,  of  the  struggle 
for  existence,  of  heredity,  and  other  similar  aspects  of  evolution  (inclusive 
of  human  variation,  etc.)* 

Time:  8—7  —  15—15  periods. 

12.  Exercises  especially  emphatic  of  the  general  relations  which  ani- 
mals sustain  to  the  broad  surroundings  (ecology) — leading  toward  the 
problems  of  distribution. 

Time :  1 — 3  —  3—7  periods. 

13.  Studies  illustrating  the  steps  in  the  life-cycle  of  animals. 

Time:  1 — 3  —  5 — 5  periods. 

14.  Certain  studies,  both  from  field  and  library,  appealing  to  the  de- 
cided native  interests;  and  illustrating  beauty,  strangeness,  complexity  of 
habits  or  instincts,  or  some  other  of  the  extra  appeals  to  wonder.  To  be 
used  at  the  beginning  and  through  the  course,  when  needed  for  moti- 
vation. 

Time :  2—3  —  3—7  periods. 

III.  The  following  topics  and  exercises  are  important  for  use 
in  the  course  in  botany.  It  is  recommended  that  these  topics  be 
studied  in  a  synthetic  way  rather  than  by  division  into  the  lead- 
ing heads  of  botanical  science.  Important  literature  which  pre- 
sents the  significance  to  men's  interest  in  the  study  of  plants 
should  be  made  available  for  constant  use  throughout  the  course. 
It  has  not  been  thought  best  to  set  definite  time  limits  to  each  of 
the  topics. 

1.  Local  plant  areas: 

]                  (a)  The  types  of  natural  plant  areas  of  the  local  region,  as 

^  forests,  stream  banks,  roadsides,  and  swamps. 

(b)  Local   artificial  plant  areas,   as  a   cornfield,   garden,   or 
!  planted  forest. 

(c)  Acquaintance   with   the   more   common   plants   that   are 

dominant  in  local  areas. 

2.  The  seed  plant  as  a  working  unit — ^an  outline  study  of  the  gen- 
eral structure  and  work  of  the  parts  of  the  plant;  the  way  in  w^hich  each 
contributes  to  the  whole  plant  as  a  working  machine;  include  food  man- 
ufacture and  the  essentials  of  plant  nutrition,  reproduction,  etc. 

3  Special  study  of  the  regions  of  seed  plants — roots,  stems,  leaves, 
flowers,  and  seeds,  with  emphasis  upon  function  in  so  far  as  function  may 
be  determined  by  observation  and  experimentation.  Include  nutrition 
and  reproductive  processes. 

4.  The  bacteria:  studied  as  instruments  of  decay,  and  disease;  general 
hygienic  aspects;  relation  to  soils,  and  industries. 

5.  Parasitic  and  saprophytic  plants  other  than  bacteria;  destructive 
fungi  in  relation  to  crops  and  other  industries ;  importance  of  saprophytes 
as  instruments  of  decay;  the  yeasts  and  fermentation. 

6.  Forests:  uses,  distribution,  dangers,  preservation,  artificially  grown 
forests. 

7.  Artificial  control  and  methods  of  improving  plants — ^plant  culture 
and  plant  breeding. 
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8.  Plants  and  the  struggle  for  existence;  overproduction  and  failure 
of  those  that  cannot  secure  the  necessities  for  life.  Weeds  as  illustrations 
of  successful  plants  in  the  interrelationship  of  plants  and  animals  in  open 
nature ;  cultivaled  plants  as  illustrations  of  success  under  artificial  care. 

9.  The  geographical  and  regional  distribution  of  plants :  plants  of  dif- 
ferent zones,  and  of  different  regions  as  hydrophytes,  mesophytes,  and 
xerophytes. 

10.  The  great  groups  of  plants:  where  they  grow;  order  of  increas- 
ing complexity,  and  general  outline  of  the  evolution  of  nutritive  and  re- 
productive structures. 


THE  COLORADO  BIVEB  BASIN. 

There  is  no  more  interesting  river  in  the  world  than  the  Colorado. 
Industrially,  scenically,  and  geologically  it  presents  more  diverse  condi- 
tions than  any  other  stream  in  the  United  States.  From  the  crest  of  the 
Rocky  Mountains  in  Colorado  and  Wyoming  it  sweeps  across  the  inter- 
vening country,  traversing  parts  of  Utah,  New  Mexico,  Arizona,  and 
Nevada,  to  the  head  of  the  Gulf  of  California,  the  area  drained  being 
about  300,000  square  miles.  In  the  Rocky  Mountain  region  it  flows  through 
a  country  covered  by  eternal  snows  and  waters  some  of  the  most  fertile 
and  valuable  agricultural  lands  in  the  world  in  western  Colorado,  north- 
western New  Mexico,  and  eastern  Utah.  It  traverses  the  famous  Grand 
Canyon  of  the  Colorado  in  the  northern  part  of  Arizona  and  finally  passes 
over  the  broad,  flat  plains  above  the  head  of  the  Gulf  of  California.  In 
this  lower-most  portion  the  river  strongly  resembles  the  Nile,  having 
annual  floods  which  distribute  silt  over  the  adjoining  lands  and  render 
them  as  fertile  as  those  in  the  historic  valley  of  North  Africa.  The  Colo- 
rado and  its  tributaries  have  other  values  than  that  of  irrigation,  for, 
descending  in  steep  channels,  they  present  abundant  opportunities  for  the 
development  of  water  power.  Power  has  been  developed  at  a  few  points, 
but  the  resources  of  the  Colorado  basin  are  in  this  respect  yet  practically 
untouched. 

In  a  basin  so  liberally  provided  with  natural  resources  it  is  a  funda- 
mental necessity,  in  planning  for  the  utilization  of  the  river,  to  ascertain 
the  amount  of  water  available  in  the  main  stream  and  its  principal  tribu- 
taries, so  that  future  developments,  as  well  as  those  now  under  construc- 
tion, can  be  suitably  designed  in  type  and  capacity.  For  a  long  period  of 
years  the  United  States  Geological  Survey  has  been  making  observations 
and  measurements  at  many  important  points  in  the  Colorado  basin,  and 
the  latest  published  information  on  the  subject  is  contained  in  Water- 
Supply  Paper  269  of  the  Survey,  which  is  a  progress  report  of  river-fiow 
measurements  in  this  basin  for  the  year  1909. 

The  control  of  the  Colorado  for  the  prevention  of  outbreaks  must  in- 
volve thorough  knowledge  of  the  tributary  flow,  even  in  the  high  regions 
of  its  headwaters,  in  Colorado,  and  the  ultimate  steps  taken  to  prevent 
disastrous  inundation  will  in  all  probability  involve  the  control  of  these 
upland  tributaries. 

The  size  of  the  Colorado  River  is  indicated  by  its  total  discharge  in  the 
year  1909,  which  was  26,000,000  acre- feet,  or  enough  water  to  cover  that 
number  of  acres  to  a  depth  of  1  foot.  Such  an  amount  of  water,  if 
poured  upon  Manhattan  Borough  of  the  City  of  New  York  and  confined 
by  retaining  walls,  would  bury  the  city  1,857  feet  deep,  or  it  would  make 
a  lake  66  feet  deep  over  the  State  of  Delaware. 
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CHAPTERS  IK  THE  HISTORY  OF  AMERICAN  BOTANY. 

By  John  M.  Coulter, 
University  of  Chicago. 

Forty  Years  of  Plant  Morphology.    II.     (1890-1900). 

Ten  years  of  contact  with  the  modern  phases  of  morphology 
had  aroused  American  botanists  thoroughly  to  the  great  possibil- 
ities of  this  subject.  Not  only  did  they  begin  to  develop  it  them- 
selves, but  groups  of  the  younger  men  sought  training  in  the 
laboratories  of  Germany,  chief  among  which  was  the  laboratory 
of  Strasburger  at  Bonn.  If  any  man  were  named  as  dominating 
plant  morphology  during  the  decade  beginning  with  1890,  it 
would  have  to  be  Strasburger,  and  the  results  of  this  influence 
became  apparent  not  only  in  the  problems  attacked  by  American 
botanists,  but  also  in  the  teaching  which  they  guided  or  advised. 
The  development  of  the  subject  during  the  decade  may  be  in- 
dicated for  convenience  under  three  phases. 

The  morphology  of  the  preceding  decade  was  content  with 
cells  as  the  units  of  structure;  and  their  form  and  arrangement 
in  tissues,  and  the  distribution  of  these  tissues  in  mature  organs, 
were  the  chief  subjects  for  investigation  and  for  teaching.  In 
a  very  real  sense,  the  morphology  of  that  period  was  anatomy, 
variously  styled  "minute"  or  "internal,"  to  distinguish  it  from 
the  gross  superiScial  anatomy  of  a  still  earlier  period.  This  work, 
however,  so  stimulated  the  development  of  the  microscope  and  of 
the  technique  connected  with  it  that  morphologists  became 
equipped  for  the  next  advance.  This  was  an  attack  upon  the 
structure  of  the  cell  itself,  which  developed  the  new  subject 
"cytology."  Cytology,  so  far  as  it  deals  with  structure,  is  sim- 
ply morphology  pushed  to  the  limit  of  technique,  a  still  more 
"minute"  morphology.  It  is  clear  that  not  much  cytology  could 
be  used  in  elementary  instruction,  but  it  became  very  conspicu- 
ous in  investigation  and  in  advanced  courses,  and  its  more  obvi- 
ous facts  were  brought  to  the  attention  of  beginners.  Such 
enthusiasm  was  aroused  for  this  newly-opened  region  of  investi- 
gation that  cytologists  almost  seemed  to  represent  a  new  cult, 
quite  separate  from  other  botanists,  and  quite  sure  that  their  facts 
were  the  most  fundamental,  and  therefore  the  most  important. 

Another  phase  of  morphology  developed  another  cult,  ap- 
parently not  so  distinct  as  the  cytologists,  for  its  members  still 
retained  the  more  general  title  of  morphologists,  but  their  mor- 
phology was  just  as  special  as  was  that  of  the  cytologists.    In  the 
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former  decade  mature  structures  were  of  sufficient  interest  to 
hold  the  chief  attention,  but  the  advance  in  technique  not  only 
made  cytology  possible,  but  also  permitted  the  study  of  develop- 
ing organs.  In  this  way  ontogeny  began  the  accumulation  of  its 
enormous  array  of  facts.  The  structures  chiefly  attacked  in  this 
way  during  the  decade  were  what  may  be  characterized  as  the 
reproductive  structures,  as  distinct  from  the  vegetative  structures. 
The  ontogeny  of  the  sex  organs  of  all  groups,  and  of  the  struc- 
tures associated  with  them,  of  the  spore-producing  members,  and 
of  the  embryo,  furnished  abundant  problems  for  this  group  of 
morphologists.  We  began  to  talk  of  "stages"  in  the  history  of 
organs,  of  obtaining  "complete  series,"  of  "filling  in  gaps,"  etc. 
The  rigidity  of  the  previous  decades,  however,  was  carried  over 
into  the  new,  and  exact  definitions  were  formulated  for  a  growing 
terminology.  Cell  generations  of  developing  organs  were  fol- 
lowed in  the  greatest  detail,  in  the  full  belief  that  all  the  details 
had  been  cast  in  rigid  molds  and  must  be  repeated  with  exactness 
by  every  developing  organ.  "Stages"  of  different  plants  were 
compared,  matchings  and  differences  were  noted,  and  conclusions 
as  to  relationships  were  drawn.  The  effect  of  this  morphology 
upon  instruction  was  immediate  and  extensive.  The  few  "types" 
of  the  earlier  decade  were  abandoned,  and  an  increasing  range 
of  forms  was  introduced  to  illustrate  the  various  phases  in  the 
development  of  reproductive  structures.  Instead  of  asking  all 
imaginable  questions  of  one  plant,  a  few  questions  were  asked 
of  as  many  plants  as  possible.  While  this  method  did  not  include 
so  wide  a  range  of  plant  structures  as  the  older,  it  certainly 
brought  a  wider  range  of  contact  with  plant  groups.  It  was  in 
connection  with  this  phase  of  teaching  that  school  and  college 
laboratories  began  to  make  larger  demands  for  equipment,  that 
ccHnplaint  began  to  be  heard  that  botany  had  become  a  laboratory 
study  rather  than  a  field  study,  and,  most  of  all,  that  a  student 
could  take  any  amount  of  botany,  and  still  not  be  able  to  tell 
the  names  of  any  of  the  plants  of  his  neighborhood ! 

The  third  phase  of  plant  morphology  that  began  to  dominate 
during  the  decade  was  an  inevitable  accompaniment  of  the  one 
just  described.  The  comparison  of  ontogenies  led  on  to  the  con- 
struction of  phytogenies,  and  morphology  became  a  study  of  the 
evolution  of  the  plant  kingdom,  chiefly  on  the  basis  of  a  compari- 
son of  the  reproductive  structures.  The  reproductive  structures 
were  selected  for  use  simply  because  they  could  be  connected  seri- 
ally; while  the  vegetative  structures,  so  long  and  so  laboriously 
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studied,  were  set  aside  as  anatomical  rubbish.  As  a  consequence, 
there  were  many  students  who  knew  something  about  sporangia, 
archegonia,  embryo  sacs,  etc.,  but  who  knew  nothing  about  the 
structure  of  leaves  and  stems  and  roots.  With  the  emphasis  laid 
upon  the  evolution  of  the  plant  kingdom,  only  those  structures 
were  selected  for  study  that  could  be  used  in  this  way,  and  from 
this  point  of  view  vegetative  structures,  stood  merely  for  a  chaotic 
mass  of  facts.  The  whole  problem  of  teaching  morphology  is 
like  the  problem  of  a  picture  puzzle.  The  purpose  is  not  to  study 
each  separate  piece,  but  to  fit  together  as  many  pieces  as  possible. 
The  morphology  we  have  been  considering  was  doing  just  that. 
It  could  fit  together  the  reproductive  structures,  and  so  it  taught 
just  as  much  of  the  picture  as  was  constructed,  but  it  recognized 
all  the  time  the  numerous  pieces  representing  vegetative  struc- 
tures which  must  also  be  fitted  together  before  the  picture  could 
be  complete. 

The  last  decade  of  the  nineteenth  century,  therefore,  so  far  as 
plant  morphology  in  America  is  concerned,  may  be  thought  of  as 
the  coming  into  prominence  of  cytology,  ontogeny,  and  phylogeny. 
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THE  TEAOmNG  OF  MATHEMATICS  IK  THE  NOBMAL 
SCHOOLS  OF  THE  UNITED  STATES. 

Preliminary  Report  of  Committee  Appointed  by  the  Ameri- 
can Commissioners  of  the  International  Commis- 
sion ON  the  Teaching  of   Mathematics. 
Committee. 
E.  H.  Taylor,  Chairman,  Eastern  Illinois  State  Normal  School, 
Charleston,  111. 

H.  Clay  Harvey,  Chairman  Subcommittee  on  State  Normal 
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M.  E.  Bogarte,  Chairman  Subcommittee  on  Private  Normal 
Schools,  Valparaiso  University,  Valparaiso,  Ind. 

J.  C.  Brown,  Chairman  Subcommittee  on  Teachers  in  Normal 
Schools,  Eastern  Illinois  State  Normal  School,  Charleston,  111. 
Subcommittee  on  State  Normal  Schools. 
S.  F.  Parsons,  Northern  Illinois  State  Normal  School,  De- 
Kalb,  111. 
J.  D.  Faught,  State  Normal  School,  Marquette,  Mich. 
J.  C.  Stone,  New  Jersey  State  Normal  School,  Montclair,  N.  J. 
W.  A.  Cornish,  State  Normal  and  Training  School,  Cortland, 
N.  Y. 
G.  C.  Shutts,  State  Normal  School,  Whitewater,  Wis. 
W.  C.  Vernon,  State  Normal  School,  Austin,  Tex. 

Subcommittee  of  Private  Normal  Schools. 
T.  W.  Keenan,  Western  Normal  College,  Shenandoah,  la. 

F.  L.  Pauly,  National  Normal  University,  Lebanon,  O. 

A.  J.  Harpman,  Southern  Minnesota  Normal  College,  Austin, 
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Subcommittee  on  Teachers  in  Normal  Schools. 

J.  V.  Collins,  State  Normal  School,  Stevens  Point,  Wis. 
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D.  S.  Wright,  Iowa  State  Teachers  College,  Cedar  Falls,  la. 
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This  report  is  composed  of  three  parts,  namely,  the  report  of 
the  Subcommittee  on  State  Normal  Schools,  the  report  of  the 
Subcommittee  on  Private  Normal  Schools,  and  the  report  of 
the  Subcommittee  on  Teachers  in  Normal  Schools. 
The  Report  of  the  Subcommittee  on  State  Normal  Schools. 

Preface. 

The  State  Normal  Schools  exist  for  the  purpose  of  training 
teachers  for  the  public  schools.    They  are  generally  supported 
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by  appropriations  by  the  state  legislatures.  A  small  number  of 
these  schools  are  supported  by  a  sgecified  state  tax,  supple- 
mented by  appropriations  by  the  state  legislatures,  and  in  a  few 
cases  they  receive  some  income  from  the  sale  or  rental  of 
public  land  grants.  A  few  state  normal  schools  have  small 
permanent  endowments.  Tuition  is  free,  except  for  slight  in- 
cidental fees,  to  persons  declaring  an  intention  to  teach  in  the 
state  in  which  the  school  is  located.  With  the  exception  of  a 
few  schools  in  the  South  the  state  normal  schools  are  co- 
educational. 

This  report  is  prepared  from  data  obtained  from  the  catalogs 
of  state  normal  schools,  and  from  the  answers  to  questionnaires. 
A  questionnaire  was  sent  to  each  of  185  state  normal  schools 
and  to  eight  city  training  schools.  Answers  were  received  from 
sixty-five  state  normal  schools  and  from  three  city  training 
schools.  The  number  of  city  training  schools  from  which  data 
was  received  being  small,  these  schools  have  been  included  with 
the  state  normal  schools. 

The  Actual  State  of  the  Organization  and  the  Methods  of 
Instruction  in  Mathematics  in  Normal  Schools. 

I.  The  Relation  of  Normal  Schools  to  Other  Schools, 
Entrance  requirements  and  courses  of  study.  Of  sixty- four 
schools  reporting  on  entrance  requirements,  twenty-three  per 
cent  require  high  school  graduation.  The  majority  of  these 
schools  are  in  New  England  and  New  York.  These  schools  offer 
a  two  year  course  of  study  which  is  composed  largely  of  profes- 
sional work.  The  remaining  schools  require  for  admission  only 
the  completion  of  the  work  of  the  eighth  grade.  Such  schools 
usually  offer  two  courses  of  study,  a  four  year  course  for  the 
students  who  have  completed  only  the  work  of  the  eighth  grade 
and  a  two  year  course  for  high  school  graduates.  A  few  schools, 
chiefly  in  the  Middle  West,  offer  two  years  of  work  in  addition 
to  the  above  courses,  for  the  completion  of  which  a  bachelor's 
degree  is  granted. 

Relation  to  colleges.  The  work  of  the  normal  schools  now 
receives  better  recognition  from  the  colleges  than  formerly.  .Of 
the  schools  reporting  to  this  committee  fifty-six  per  cent  receive 
full  credit  in  the  colleges  for  work  done  in  mathematics,  and 
twenty  per  cent  receive  part  credit.  Frequently  the  colleges 
allow  junior  class  standing  to  the  graduates  of  the  normal 
schools.     It  is  estimated  that  about  thirteen  per  cent  of  the 
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graduates  of  the  normal  schools  later  pursue  advanced  work 
in  college.  The  larger  estimates  come  from  the  West,  where 
because  the  high  schools  are  not  so  well  developed  the  normal 
schools  are  used  as  preparatory  schools  by  a  considerable  number 
of  students  from  the  rural  districts.  Since  a  good  number  of 
their  graduates  later  go  to  colleges,  the  schools  of  this  section 
have  come  to  offer  considerable  elective  work.  It  thus  becomes 
possible  for  the  student  to  do  in  the  normal  schools  the  mathe- 
matics usually  done  in  the  first  two  years  in  college. 

Schools  in  which  graduates  teach.  Practically  all  normal 
school  graduates  later  teach  in  the  public  schools.  It  is  estimated 
that  seventy-three  per  cent  of  the  graduates  teach  five  years 
or  more.  The  large  majority  of  them  teach  in  the  grades.  Sixty- 
four  per  cent  of  the  schools  report  that  some  of  their  graduates 
teach  in  the  high  schools  in  the  smaller  cities  and  towns. 
II.     The  Aim  of  the  Instruction  in  Mathematics. 

Culture  and  utility.  Of  the  schools  reporting  on  this  question, 
fifty-one  per  cent  claim  to  pay  equal  attention  to  mathematics 
as  a  science  (the  so-called  culture  value),  and  to  mathematics  as 
an  art  (the  so-called  utilities  of  the  subject).  About  twenty-eight 
per  cent  claim  to  emphasize  more  the  culture  aspect  (except 
arithmetic),   and  twenty-one  per  cent  emphasize   the   utilities  ^ 

more.  1^ 

Preparation  of  teachers.    Since  a  large  majority  of  the  students  1^ 

are  preparing  to  teach  in  the  elementary  schools,  arithmetic  is 
the  most  important  subject  in  the  mathematical  curriculum  in  j^ 

the  normal  school.    The  mathematical  instruction  has  as  its  chief  '; 

aim   to  prepare  efficient  teachers  of  arithmetic.     One   means  \ 

used  to  accomplish  this  end  is  to  give  formal  instruction  in 
methods  of  teaching.  Of  the  schools  reporting,  eighty-nine 
per  cent  give  courses  in  methods  of  teaching  arithmetic,  and  nine 
per  cent  give  courses  in  methods  of  teaching  algebra  and  geom- 
etry. The  general  opinion  is  that  such  courses  are  distinctly 
valuable  when  preceded  by  a  thorough  grounding  in  the  subject- 
matter.  In  sixty-six  per  cent  of  the  schools  offering  these  [^ 
courses  they  are  given  wholly,  and  in  eight  per  cent  in  part,  1^; 
by  the  same  teachers  that  give  the  academic  courses  in  mathe-  '.yf 
matics.                                                                                                                   '■■^^ 

It  is  the  opinion  in  twenty-three  per  cent  of  the  schools  that 
there  should  be  no  difference,  except  in  courses  in  methods,  in 
the  instruction  in  mathematics  offered  to  students  preparing  to 
teach  and  to  other  students.     The  remaining  schools  take  the  \^^ 
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poi,nt  of  view  that  in  courses  for  students  preparing  to  teach, 
more  attention  should  be  paid  to  the  aims  in  teaching  mathe- 
matics, to  methods  of  explanation  and  orderly  presentation,  and 
to  the  historical  development  and  economic  importance  of  the 
subject. 

III.  Methods  of  Instruction  ''and  Branches  of  Study. 
Courses  offered.  The  courses  of  study  in  sixty-four  schools 
were  obtained  either  from  answers  to  questionnaires  or  from 
the  catalogs  of  the  schools.  The  following  table  shows  the 
different  courses  given,  the  number  of  schools  offering  each 
course,  and  the  average  number  of  hours  given  to  each  course : 

Number      Average  Number 

Subject.                                            of  Schools.  of  Hours. 

Arithmetic ^^  - .  all  lOO 

Elementary  Algebra  all  171 

Plane  Geometry all  143 

Advanced  Algebra 9  108 

Solid  Geometry 18  72 

Methods  of  Teaching  Mathematics. .  32  63 

Plane  Trigonometry 40  77 

Spherical  Trigonometry 4  80 

Analytics 25  96 

Calculus 23  87 

Theory  of  Equations 3  52 

Differentia  Equations i  48 

Surveying   11  57 

Analytical  Mechanics i  48 

History  of  Mathematics 8  70 

Required  and  elective  work.  High  school  graduates,  taking  a 
two  year  course  in  a  normal  school,  are  required  to  review  arith- 
metic and,  in  some  schools,  algebra  and  geometry.  Students 
who  enter  the  normal  school  from  the  eighth  grade  are  required 
to  take  courses  in  arithmetic,  algebra,  and  geometry.  If  more 
advanced  courses  ia:  mathematics  are  offered,  they  are  as  a  rule 
elective.  The  number  of  students  electing  mathematics  is  small 
in  most  schools,  mathematics  being  elected  usually  by  those  who 
desire  to  secure  advanced  standing  in  college  or  to  teach  the 
subject  in  high  school.  No  elective  work  is  offered  in  thirty-two 
per  cent  of  the  schools  reporting  on  this  question. 

Methods  of  conducting  classes.  Recitations  by  the  students, 
supplemented  by  an  occasional  lecture,  is  the  practically  tmiversal 
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method.  In  nearly  all  cases  a  text  is  used  as  the  basis  of  a 
course,  the  text  being  supplemented  at  the  pleasure  of  the  in- 
structor. 

Practice  teaching.  One  of  the  most  important  parts  of  the 
professional  training  of  a  student  in  a  normal  school  is  the 
practice  teaching  under  supervision.  In  the  schools  reporting,  the 
average  number  of  class  periods  of  practice  teaching  in  mathe- 
matics which  it  is  possible  for  a  student  making  a  specialty  of 
mathematics  to  do,  is  eighty.  In  seventy-six  per  cent  of  the 
schools  all  students  are  required  to  do  some  practice  teaching 
in  mathematics,  and  the  average  number  of  class  periods  required 
is  fifty-four.  This  teaching  is  always  under  the  direct  super- 
vision of  a  critic  teacher.  In  fifty-one  per  cent  of  the  schools 
reporting  the  head  of  the  department  of  mathematics  is  said  ^  i1 

to  exercise  some  supervision  over  the  practice  teaching,  but  in 
some  of  these  schools  the  supervision  is  very  slight.  Such  super- 
vision seems  to  the  committee  to  be  very  desirable  in  order  to 
unify  the  work  in  mathematics  throughout  the  school,  to  make 
the  work  of  the  training  school  more  efficient,  and  to  keep  the 
teachers  of  mathematics  in  the  normal  school  in  touch  with 
elementary  school  work. 

Correlation.  Of  the  schools  reporting,  twelve  per  cent  say  that 
no  attempt  is  made  to  correlate  the  different  mathematical  sub-  ^ 

jects.  Thirty-eight  per  cent  are  attempting  to  make  some  syste- 
matic correlation.  The  remainder  attempt  some  correlation,  but 
nothing  systematic.  Twelve  per  cent  of  the  schools  reporting 
on  the  question  think  it  advisable  to  eliminate  entirely  the  tradi- 
tional boundaries  between  arithmetic,  algebra,  and  geometry; 
nineteen  per  cent  think  these  boundaries  should  be  eliminated  v 

to  a  large  extent;  seven  per  cent  not  at  all.  Other  schools 
suggest  methods  by  which  related  topics  in  the  different  subjects  '[ 

may  be  correlated. 

Sixty-nine  per  cent  of  the  schools  report  some  attempts  at 
correlating  mathematics  with  other  subjects,  usually  with  the 
sciences,  but  close  correlation  is  made,  probably,  in  but  few 
schools.  The  replies  to  the  questionnaire  indicate  that  it  is  the 
general  opinion  that  in  arithmetic  the  larger  part  of  the  problems 
in  the  lower  grades  and  some  of  the  problems  in  the  upper  grades 
should  be  taken  from  the  other  subjects  that  the  pupils  are 
pursuing  and  from  the  pupil's  environment. 

Much  more  is  now  being  done  in  the  normal  schools  in  the 
way  of  using  algebra  and  geometry  as  well  as  arithmetic  to  solve 
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problems  taken  from  other  school  subjects  and  from  the  experi- 
ence of  the  pupils  than  has  ever  been  done  before.  Some  of 
these  problems  are  taken  from  texts,  which  furnish  more  such 
problems  than  formerly,  some  are  obtained  from  published  lists 
and  from  periodicals,  and  many  more  are  made  by  the  teachers 
themselves.  Some  of  the  teachers  in  normal  schools  have  been 
active  in  arousing  interest  in  applied  problems.  The  great  diffi- 
culty is  to  find  applied  problems  that  are  of  real  interest  to  a  large 
number  of  the  students. 

Causes  of  failure  in  mathematics.  The  question  was  asked, 
What  causes  operate  to  produce  failures  in  mathematics  in  normal 
schools  that  do  not  operate  in  other  subjects?  About  one  fourth 
of  the  answers  say  none.  Other  answers  say  that  too  much 
time  is  devoted  to  other  subjects;  that  we  have  poor  methods 
of  instruction  and  poor  elementary  training;  that  too  much  is 
attempted ;  that  the  subject,  as  it  has  been  taught,  lacks  interest 

Libraries  and  other  equipment.  The  libraries  of  the  normal 
schools  are  generally  well  supplied  with  works  on  elementary 
mathematics,  and  on  the  history  and  the  teaching  of  mathematics. 
The  departments  are  also  supplied  with  apparatus  necessary  for 
illustrative  work  in  teaching  weights  and  measures,  and  geometri- 
cal models  for  use  in  teaching  mensuration  and  solid  geometry. 

IV.    Examinations, 

Thirty-seven  per  cent  of  the  schools  reporting  say  that  exami- 
nations are  held  at  the  option  of  the  instructor.  In  such  cases 
the  examinations  are  given  at  intervals  of  from  two  to  six  weeks 
at  the  completion  of  important  topics.  The  rule  in  the  remaining 
schools  is  to  hold  examinations  at  the  end  of  each  term  or 
semester.  In  one  school  no  examinations  are  given.  The  exami- 
nations are  written  in  eighty-three  per  cent  of  the  schools;  in 
the  remainder,  both  written  and  oral.  In  forty-one  per  cent 
of  the  schools  the  examination  periods  are  from  forty  to  fifty 
minutes ;  in  forty-six  per  cent  from  one  to  two  hours ;  in  thirteen 
per  cent  from  three  to  four  hours. 

The  principal  objects  of  the  examinations  are  stated  to  be  to 
test  the  knowledge  of  the  students,  to  furnish  a  test  of  the 
teaching,  to  give  unity  to  the  subject,  and  to  secure  a  review. 
In  five  per  cent  of  the  schools  the  grades  depend  entirely  upon 
the  examinations  and  in  two  per  cent  not  at  all.  In  twenty  per 
cent,  the  examinations  count  for  one  half  in  determining  grades ; 
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in  forty- four  per  cent  for  one  third ;  and  in  twenty-nine  per  cent 
for  less  than  one  third.  In  forty-four  per  cent  of  the  schools 
there  is  a  tendency  to  give  less  consideration  to  written  examina- 
tions given  at  stated  intervals,  and  in  forty-five  per  cent  there 
is  a  tendency  toward  abolishing  them. 

In  three  states  the  governing  board  of  the  normal  schools  or 
the  state  department  of  education  conducts  annual  examina- 
tions, which  in  some  cases  determine  promotion  and  graduation. 

Modern  tendencies  in  the  teaching  of  mathematics.  The  com- 
mittee asked  for  opinions  concerning  some  recent  movements 
to  improve  the  teaching  of  elementary  mathematics.  While  it 
is  probable  that  not  all  of  these  recommendations  are  carried  out  • 
in  the  schools  from  which  they  come,  they  are  valuable  at  least 
as  indicating  present  tendencies. 

Reforms  in  initial  instruction.  One  question  asked  for  recom- 
mendations for  improving  the  initial  instruction  in  arithmetic, 
algebra,  and  geometry.  The  following  are  the  principal  recom- 
mendations made : 

About  eighteen  per  cent  of  the  answers  recommend  that  the 
study  of  arithmetic  be  begun  later.  There  should  be  more  objec- 
tive work,  especially  in  the  lower  grades.  The  work  should  be 
less  mechanical.  There  should  be  drill  on  the  fundamental 
operations  until  the  pupils  have  a  much  higher  degree  of  speed 
and  accuracy  than  at  present. 

The  single  recommendation  for  teaching  algebra  that  comes 
from  almost  all  schools  is  that  algebra  be  more  closely  connected 
with  arithmetic,  so  that  the  transition  from  arithmetic  to  algebra 
may  be  a  simpler  and  more  natural  one.  To  accomplish  this 
let  the  literal  notation  be  introduced  not  later  than  the  seventh 
grade  and  used  freely  in  the  eighth  grade.  Furthermore,  to 
make  algebra  more  interesting  and  useful,  let  it  be  used  in  solving 
real  problems. 

The  answers  show  a  general  tendency  toward  making  geometry 
less  formal  in  the  beginning.  Attempts  are  made  by  the  use  of 
construction  work  and  other  methods  of  illustration  to  base  the 
elementary  concepts  more  completely  upon  the  experiences  of 
the  pupils.  Numerical  and  other  applied  problems  are  used  to 
give  the  subject  more  meaning. 

Reorganization  of  subject-matter.  Fifty-one  schools  sent  re- 
plies to  the  question,  What  traditional  topics  should  be  omitted 
from  the  course  of  study  in  arithmetic,  algebra,  and  geometry  ?  In 
the  case  of  arithmetic,  the  general  recommendations  are  to  omit 
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all  obsolete  and  purely  technical  topics,  and  unduly  complicated 
problems.  The  number  of  topics  which  one  or  more  schools 
recommend  for  omission  is  large.  Thirteen  schools  recommend 
the  omission  of  cube  root  except  by  factoring ;  fifteen,  the  omission 
of  true  discount ;  nine,  the  highest  common  factor  by  the  Euclid- 
ian method ;  six,  partnership  and  compound  proportion ;  five, 
partial  payments  and  progressions;  four,  compound  and  annual 
interest,  much  of  percentage,  and  complicated  problems  in  frac- 
tions ;  three,  bank  discount  and  longitude  and  time.  Other  topics 
are  listed  for  omission  by  one  or  more  schools.  Although  a 
very  small  per  cent  of  the  schools  would  omit  all  of  the  topics 
just  named,  the  list  possesses  some  interest  in  that  it  shows 
how  many  of  the  traditional  topics  are  being  removed  from 
the  course.  There  are  further  suggestions  that  indicate  a  some- 
what general  tendency  to  abridge  the  above  topics  when  they  are 
not  omitted. 

It  is  generally  recommended  that  the  work  in  algebra  be  less 
formal ;  that  we  omit  or  postpone  until  late  in  the  course  com- 
plicated multiplications  and  divisions  of  polynomials,  complicated 
problems  in  factoring,  fractions,  and  ra4icals,  and  highest  com- 
mon factor  by  division.  The  ideas  of  a  function  and  of  variation 
should  be  introduced  early.  A  large  number  of  applied  problems 
should  be  given  throughout  the  course. 

A  number  of  schools  recommend  that  limits,  variables,  and 
incommensurables  be  omitted  from  elementary  geometry.  Other 
schools  think  these  topics  should  be  retained,  but  that  in  discuss- 
ing them  only  illustrations  should  be  used,  and  that  no  proofs 
should  be  attempted.  In  some  schools  it  is  thought  that  with 
students  of  the  grade  of  maturity  of  those  in  normal  schools 
it  is  profitable  to  discuss  the  formal  proofs  of  some  of  the 
elementary  theorems  in  the  above  topics.  There  is  general 
agreement  that  the  proofs  of  some  of  the  more  difficult  theorems 
in  plane  geometry  may  be  omitted. 

Laboratory  work.  Twenty-six  per  cent  of  the  schools  report- 
ing do  some  laboratory  work  in  mensuration;  fifteen  per  cent 
do  field  work  in  trigonometry  or  surveying ;  thirty-three  per  cent 
more  make  some  application  of  the  mathematics  either  in  labora- 
tory work  or  in  applied  problems.  The  results  from  laboratory 
work  are  generally  thought  to  be  good,  but  not  in  all  cases. 

Experiments  in  teaching  mathematics.  About  fourteen  per 
cent  of  all  schools  reporting  to  this  committee  have  made  some 
experiments  in  teaching  mathematics.    These  were  in  the  main 

Digitized  byLjOOQlC 


NORMAL  SCHOOL  MATHEMATICS  221 

experiments  to  determine  better  methods  of  teaching  arithmetic. 
One  of  these,  for  example,  was  an  experiment  to  determine 
the  efficiency  of  daily  drills  in  the  fundamental  operations  and  to 
determine  the  effects  of  such  drills  upon  the  reasoning  power. 
It  is  encouraging  to  know  that  a  number  of  teachers  of  mathe- 
matics in  normal  schools  are  undertaking  in  a  scientific  way  to 
obtain  data  concerning  improvements  in  teaching  mathematics. 

Possible  dangers  in  recent  movements.  The  schools  were 
asked  to  state  what  dangers  they  see,  if  any,  in  recent  move- 
ments to  make  secondary  mathematics  more  intuitive,  useful, 
and  attractive.  The  answers  show  a  wide  range  of  opinion,  as 
might  be  expected.  Forty-four  per  cent  of  the  answers  say 
that  no  danger  is  seen.  Other  answers  say  that  the  movements 
in  question  have  caused  inefficient  teaching;  that  drill  is  ne- 
glected; that  the  disciplinary  value  of  the  subject  is  lost;  and 
that  there  results  superficial,  unrelated  knowledge. 

Report  of  the  Subcommittee  on  Piuvate  Normal  Schools. 

The  great  majority  of  the  private  normal  schools  conduct 
their  own  preparatory  departments  and  hence  have  no  specific 
entrance  requirements.  They  generally  receive  students  of  all 
grades  and  fit  them  for  entrance  into  such  courses  as  they  sustain. 
Applicants  for  advanced  standings  are  usually  allowed  credits 
on  high  school  diplomas,  or  on  recommendations  from  former 
instructors,  though  students  coming  from  high  schools  are  very 
often  found  deficient  in  the  most  elementary  parts  of  mathe- 
matics. It  is  recommended  that  in  the  lower  schools  persistent 
drills  be  given  in  the  fundamental  operations  of  arithmetic,  so 
that  students  may  perform  these  operations,  not  only  with  facil- 
ity, but  with  absolute  certainty  as  to  the  correctness  of  their 
results  and  may  be  able  to  prove  the  accuracy  of  their  answers. 

Graduates  from  private  normal  schools  usually  teach  in  the 
public  schools  of  the  country.  There  seems  to  be  no  uniformity 
whatever  in  the  credits  given  by  the  higher  institutions  of  learn- 
ing for  mathematics  covered  in  private  normal  schools.  Each 
one  of  these  schools  stands  oh  its  own  merits  and  has  its  own 
reputation.  Credits  usually  depend  upon  the  knowledge  of  the 
examining  boards  of  the  universities  from  which  advanced  stand- 
ing is  asked,  of  the  character  of  the  work  done  in  the  school 
from  whence  the  applicant  comes.  The  state  universities  of 
the  various  states  in  which  the  private  normal  schools  are  located 
usually  give  full  credit  for  all  the  work  done  in  mathematics  in 

Digitized  byLjOOQlC 


222  SCHOOL  SCIENCE  AND  MATHEMATICS 

the  schools  of  their  own  state.  The  comparison  of  tlie  widely 
differing  reports  would  seem  to  indicate  that  about  thirty  per 
cent  of  the  graduates  of  the  private  normal  schools  in  this 
country  enter  universities  and  technical  schools  for  the  purpose 
of  doing  more  advanced  work ;  while  about  fifty  per  cent  of  the 
graduates  teach  for  five  years  or  more. 

Contrary  to  the  usually  accepted  opinion,  it  is  probably  true 
that  it  is  not  the  chief  object  of  the  so-called  private  normal 
schools  to  prepare  students  for  teaching.  The  majority  of  the 
students  later  go  into  business,  and  a  considerable  number  into 
technical  work.  Consequently  the  utilitarian  side  of  the  study  of 
mathematics  is  probably  the  phase  that  is  chiefly  emphasized. 
Special  courses  for  students  bearing  upon  the  history  of  and 
theory  of  teaching  mathematics  are  rarely  if  ever  offered. 

There  appears  to  be  a  growing  tendency  to  give  frequent 
tests  or  examinations.  These  are  usually  written  and  required 
at  various  intervals.  Some  schools  give  tests  as  often  as  once 
a  fortnight,  others  once  a  month,  and  still  others  not  oftener 
than  once  in  from  six  to  ten  weeks.  Final  grades  do  not  usually 
depend  wholly  upon  the  result  of  these  tests.  Perhaps  a  weight 
of  about  fifty  per  cent  is  given  to  them,  and  about  fifty  per 
cent  to  the  record  made  in  class. 

Very  little  of  the  instruction  is  given  in  the  form  of  lectures 
to  the  class,  recitations  on  the  part  of  the  pupils  being  the  well- 
nigh  universal  rule.  The  recitation  periods  are  very  generally 
one  hour  in  length,  five  recitations  per  week.  Classes  are  always 
sustained  in  arithmetic,  the  time  required  of  the  student  depend- 
ing upon  his  proficiency  upon  entering  the  school.  From  forty 
to  sixty  weeks  are  usually  given  to  algebra,  and  very  satis- 
factory courses  are  generally  offered.  These  usually  include 
college  algebra.  Usually  about  thirty-six  weeks  are  given  to 
plane  surveying.  Many  of  the  schools  which  sustain  four  year 
courses  require  about  six  months'  work  in  analytical  geometry 
and  perhaps  the  same  time  in  the  study  of  calculus,  though,  not 
infrequently,  a  course  offered  in  the  last  named  branch  extends 
through  an  entire  year. 

In  the  foregoing  it  should  be  borne  in  mind  that  in  all  these 
branches  there  are  five  recitations  per  week,  each  an  hour  in 
length,  and  that  the  school  year  contains  from  forty-eight  to 
fifty  weeks  without  intermission.  The  greater  number  of  the 
private  normal  schools  divide  the  year  into  four  terms,  twelve 
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weeks  each,  with  an  intermission  of  but  a  day  or  two  between 
terms. 

We  have  found  the  replies  received  to  the  questions  bearing 
upon  methods  and  modern  tendencies  in  the  teaching  of  mathe- 
matics so  meager  that  we  are  not  able  to  formulate  therefrom 
any  conclusions  as  to  the  general  opinion  held  by  instructors. 

Report  of  Subcommittee  on  Teachers  of  Mathematics  in 
Normal  Schools. 

There  are  about  twice  as  many  men  as  women  teaching  mathe- 
matics in  the  normal  schools  of  the  United  States.  In  the  eastern 
part  of  the  country,  however,  the  women  far  outnumber  the 
men. 

The  training  of  the  teachers  varies  widely.  About  sixty  per 
cent  of  the  teachers  have  had  high  school  training,  fifty-five 
per  cent  have  had  normal  school  training,  eighty  per  cent  have 
had  college  training,  and  thirty-six  per  cent  have  done  post- 
graduate work  at  the  universities.  The  average  training  for  the 
men  is  considerably  higher  than  that  of  the  women.  There  is 
a  marked  tendency  toward  the  requiring  of  postgraduate  work 
as  a  prerequisite  for  teaching  mathematics  in  normal  schools. 
Since  the  training  of  the  teachers  varies  widely  there  is  also 
a  wide  variation  in  the  degrees  held  by  the  teachers.  About  one- 
third  of  the  teachers  have  no  earned  degree ;  forty-two  per  cent 
have  the  bachelor's  degree ;  eighteen  per  cent  have  the  master's 
degree;  and  six  per  cent  have  the  doctor's  degree.  The  men 
who  hold  the  higher  degrees  far  outnumber  the  women. 

The  term  of  service  in  present  position  averages  about  seven 
and  one  half  years  and  is  practically  the  same  for  men  as  for 
women.  Twenty-three  per  cent  of  all  the  teachers  have  served 
in  their  present  position  for  ten  or  more  years  and  fifty  per  cent 
have  served  five  years  or  more. 

The  teachers  in  the  normal  schools  have  not  contributed  many 
boc^s  or  articles  to  the  literature  of  their  field.  This  may  be 
due  in  part  to  the  fact  that  most  of  the  teachers  meet  a  large 
number  of  classes  each  week  and  consequently  they  have  neither 
the  time  nor  the  energy  necessary  for  authorship.  There  is  a 
tendency  to  lighten  the  work  of  the  teacher  in  the  normal  schools 
and  this  may  result  in  a  more  productive  scholarship  in  these 
schools.  Practically  all  of  the  contributions  made  up  to  the 
present  time  have  been  by  the  men. 

None  of  the  schools  make  a  practice  of  employing  its  under- 
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graduates  as  instructors  and  only  a  few  of  the  schools  so  employ 
their  graduates  without  further  training. 

Most  of  the  teachers  of  mathematics  would  prescribe  work 
through  the  calculus  as  the  minimum  academic  preparation  for 
teachers  of  mathematics.  About  fifteen  per  cent  of  the  teachers 
would  include  more  advanced  courses  as  the  minimum  prepara- 
tion. 

A  large  per  cent  of  the  teachers  express  the  opinion  that  in 
addition  to  the  academic  training  the  prospective  teacher  of 
mathematics  should  also  be  required  to  take  a  professional 
course  including  psychology,  history  of  education,  school  manage- 
ment, and  special  methods  in  the  courses  that  he  is  to  teach. 

About  thirty  per  cent  of  the  teachers  express  the  belief  that 
an  experience  of  from  one  to  five  years  in  the  graded  schools 
and  the  high  schools  should  be  a  prerequisite  for  normal  school 
teaching. 


A  SECOND  NOTE  TO  "GENETIC  INSTBUCTION  IN 
GEOMETBT." 

By  Eugene  R.  Smith, 
The  Polytechnic  Preparatory  School,  Brooklyn,  N,  Y. 

In  the  note  to  "Genetic  Instruction  in  Geometry,"  Schooi,  ScnSNCE  and 
Mathematics,  January,  1912,  the  author  has  simply  added  to  Professor 
Hart's  article  another  illustration  of  the  genetic  method  applied  to  class 
development.  The  "Genetic,"  "Heuristic,"  or  "Syllabus"  method  (while 
not  exactly  the  same  in  meaning,  they  are  used  interchangeably  in  this 
country)  consists  quite  largely  in  just  such  class  developments  as  Pro- 
fessor Blakslee  has  given  here.  Many  teachers  believe  that  such  work 
can  be  done  to  most  advantage  if  the  pupil  has  not  a  book  containing  the 
full  proof,  but  that  does  not  change  the  character  of  such  developments. 

As  for  this  particulate  construction,  why  not  the  following? 

Teacher:  How  can  a  rectangle  be  constructed  so  its  ratio  to  the  given 
square  shall  be  m  to  n? 

Pupil :  By  cutting  off  a  part  on  one  side  of  the  square  so  that  it  has  the 
ratio  m  to  n  to  the  whole  side,  and  erecting  a  perpendicular  at  this  point 

Teacher:  How  can  a  square  be  constructed  equivalent  to  this  rectangle? 

PupU:  By  using  the  mean  proportional  between  its  sides  as  the  side  of 
the  square. 

Teacher:  Then  how  could  a  square  be  constructed  so  that  its  ratio  to  a 
given  square  would  be  m  to  n? 

Pupil:  By  constructing  a  rectangle  having  that  ratio  to  the  square  by 
the  method  just  explained,  and  then  constructing  a  square  equivalent  ta 
that  rectangle. 
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AH  EXPEBIMENT  IN  THE  OBGAKIZATION  AND  TEAOHINO 
OF  FIRST-TEAR  ALGEBRA.^ 

By  Walter  S.  Monroe, 
University  of  Missouri,  Columbia,  Mo. 

It  is  the  purpose  of  this  paper  to  set  forth  briefly  the  principles 
underlying  the  organization  of  a  course  in  first-year  algebra,  to 
describe  the  organization  of  the  course,  and  to  indicate  the  re- 
sults of  trying  it  out  in  a  class.  The  work  described  is  the  be- 
ginning of  an  attempt  to  work  out  in  the  University  High  School 
a  course  in  mathematics  which  shall  be  in  accord  with  the  inter- 
ests and  needs  of  the  pupils  in  the  first  year  of  the  high  school. 

It  is  a  fairly  well-accepted  educational  principle  that  unless  a 
pupil  feels  that  there  is  some  reason  for  studying  a  subject,  that 
unless  the  pupil  has  a  motive  for  stud3ring  the  subject,  our  efforts 
to  teach  him  that  subject  are  practically  fruitless.  What  the 
pupil  wants  to  learn  he  studies  and  does  not  relax  his  efforts 
until  he  acquires  it;  what  he  does  not  want  to  learn  he  avoids 
and  studies  only  with  reluctance. 

It  is  admitted,  of  course,  that  by  means  of  frequent  drill  and 
numerous  repetitions  a  considerable  skill  for  doing  specific  things, 
for  manipulating  certain  processes,  can  be  developed  in  a  class 
even  when  they  feel  little  or  no  motive.  But  in  these  cases  it 
seems  extremely  doubtful  if  the  pupil  has  increased  his  total  of 
effective  knowledge. 

This  general  educational  principle  is  applicable  to  secondary 
mathematics.  Before  the  pupil  will  really  study  mathematics,  he 
must  recognize  some  motive.  He  must  feel  that  mathematics 
will  satisfy  some  need  which  he  has.  This  motive  may  be  one  of 
several  possible  ones.  However,  I  wish  to  state  as  my  first  thesis : 
The  only  satisfactory  motive  for  the  study  of  mathematics  in  the 
first  year  of  the  high  school  must  be  based  on  or  connected  with 
a  feeling  that  the  subject-matter  of  mathematics  is  worth  while 
or  valuable  in  itself;  that  it  is  useful,  good  for  something. 

In  making  this  statement  I  recognize  that  it  is  possible  to  in- 
terpret it  to  mean  either  that  the  motive  for  the  study  of  first 
year  algebra  must  be  based  on  its  practical  utility,  or  that  the 
motive  must  be  based  on  an  appreciation  of  the  subject  as  a  sci- 
ence; and  also  that  I  have  used  terms,  some  of  which  have  no 


iFrom  ft  paper  read  before  the  MatheniAtics  Section  of  theMiuouri  Society  of  Teftchers 
of  MAtlicmfttict  and  Sdcnoe  ftt  Columbia,  Mo.,  May  6, 1911. 
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recognized  standard  meaning.  In  regard  to  the  interpretation 
of  the  statement,  I  may  say,  at  this  point,  that  my  position  is 
neither  of  the  extremes  indicated.  The  practical  utility  of  mathe- 
matics represents  a  very  narrow  aim ;  the  study  of  mathe- 
matics as  a  science  is  not  suited  to  pupils  in  the  first  year  of  the 
high  school.  In  order  to  convey  more  definitely  my  meaning,  I 
propose  to  define  what  I  mean  by  (a)  subject-matter  of  algebra, 
(b)  worth  while  or  valuable,  and  (c)  how  a  motive  based  on  this 
feeling  of  value  may  be  created  for  the  study  of  what  I  mean 
by  subject-matter. 

What  is  to  be  presented  to  the  pupil  as  the  subject-matter  of  a 
course  should  depend  upon  the  goal  we  are  aiming  at.  In  other 
words,  the  aim  or  function  of  elementary  algebra  should  de- 
termine, to  a  very  large  extent,  the  subject-matter  of  elementary 
algebra.  Certainly  in  life  outside  the  schoolroom,  the  aim  or 
function  determines  the  tools  which  we  use.  For  instance,  if 
you  wish  to  cut  your  lawn,  you  do  not  attempt  to  use  a  hatchet 
or  if  you  are  splitting  kindling  you  do  not  use  the  lawn  mower. 

Although  there  is  considerable  difference  of  opinion  as  to  what 
we  are,  or  rather  should  be,  aiming  at  in  elementary  algebra,  some 
of  our  most  prominent  mathematicians,  both  in  this  country  and 
in  Europe,  have  urged  in  very  recent  years,  an  aim  for  elementary 
algebra  which  appeals  to  me  as  being  the  big  thing  which  we 
should  be  aiming  at;  the  aim  or  function  to  which  all  other 
functions  should  be  and  are  subsidiary. 

These  mathematicians  urge,  though  in  slightly  different  words, 
that  the  aim  or  function  of  elementary  algebra  is  to  make  the 
pupil  willing  and  able  to  discover  and  study  the  relations  which 
exist  between  varying  quantities  and  the  means  of  controlling 
these  relations* 

It  may  seem  to  you  that  this  aim  is  very  indefinite,  or  possi- 
bly it  may  seem  that  it  is  not  practicable.  For  the  relations 
which  exist  between  the  quantitative  factors  of  our  experience 
are  various  and  often  complicated ;  they  seldom  can  be  expressed 
by  means  of  equations  or  algebraic  expressions  which  the  pupil 
in  the  first  year  of  the  high  school  can  manipulate;  often  the 
relations  are  such  that  the  result  is  indeterminate  or  indefinite  and 
thus  answers  such  as  we  are  accustomed  to  require  cannot  be 
obtained. 


spor  the  sffreeinent  of  this  with  the  genenil  aim  of  educatioo,  see  ll&iisterbefv: 
Psycholoffy  and  the  Teacher,  especially  Chapter  VIII. 
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This  is  all  very  true  but  there  are  a  few  relations  which  are 
simple,  and  several  other  which  are  combinations  of  simple  rela- 
tions, and  still  others  which  approximate  simple  relations.  And 
furthermore,  these  relations  occur  in  a  considerable  variety  of 
connections.  Take  the  example  of  one  quantity  varying  di- 
rectly as  another.  This  is  found  in  uniform  motion  where  the 
distance  varies  directly  as  the  time,  or  directly  as  the  velocity. 
Work  varies  directly  as  the  distance.  Fluid  pressure  varies 
directly  as  the  depth.  The  force  of  gravity  below  the  surface 
of  the  earth  varies  directly  as  the  distance  from  the  center. 
Simple  inverse  variation  occurs  in  an  equally  large  num- 
ber of  situations.  We  find  also  variation  both  direct  and  inverse 
as  the  square  and  even  cube  of  the  independent  variable.  Then 
we  have  combinations  of  these  as  in  the  case  of  a  body  thrown 
upward,  or  the  relation  between  the  surface  of  a  cylinder  and  its 
radius  when  the  volume  is  constant.  And  finally,  the  trigonomet- 
ric relations,  which  represent  another  type  of  variation,  can  be 
studied.    It  is  needless  to  say  that  they  occur  in  many  situations. 

Following  our  aim  we  should  take  up  these  various  relations 
and  study  them  in  the  various  situations  in  which  they  occur. 
These  situations  we  call  problems. 

Each  individual  desires  to  determine  and  control  the  relations 
which  exist  between  the  factors  of  his  experience,  that  is,  each 
individual  wishes  to  understand  his  environment.  Psychologists 
tell  us  that  the  first  year  pupil  of  the  high  school  especially  wants 
to  understand  his  environment,  wants  to  know  the  zvJiy  of  things, 
how  things  are  naturally  connected.  That  is,  he  is  interested  in 
what  we  have  called  a  problem.  Thus  the  pupil  has  a  strong 
natural  motive  for  the  study  of  such  problems  at  this  particular 
time  in  this  life.  But  in  the  study  of  these  situations,  these  prob- 
lems, he  will  want,  he  will  feel  the  need  of  tools. 

The  tools  for  the  control  or  study  of  these  problems  are  v/hat 
we  are  accustomed  to  call  algebra.  They  are  the  symbolism  (rep- 
resenting quantities  by  letters  and  operations  by  various  devices  ^ 
such  as  a^,  V6,  etc.),  the  equation  and  the  operations  necessary  ^|; 
for  its  solution  (clearing  of  fractions,  completing  the  square,  ('j*  j 
factoring,  etc.),  graphical  methods  and  devices,  etc.  Since  these  Jkj 
s)mibols  and  processes  are  needed  for  the  control  of  problems  ^ 
which  the  pupil  naturally  feels  to  be  valuable,  he  possesses  a  $ 
motive  for  learning  them. 

But  in  order  that  this  motive  may  be  active,  the  problem  must 
be  given  to  the  pupil  first  and  then  the  symbolism  and  processes  of 
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algebra  offered  to  him  as  tools  for  the  understanding  and  control 
of  these  problems. 

Another  conclusion  which  follows  from  our  point  of  view  is 
in  regard  to  the  organization  of  the  subject-matter  which  wc 
have  indicated.  We  are  to  present  to  him  situations  (problems) 
involving  the  relations  which  he  feels  a  need  of  understanding. 
The  problem  is  to  be  given  to  him  first,  and  then  the  symbolism 
and  processes  of  algebra  are  to  be  offered  to  him  as  tools  for 
understanding  and  controlling  these  problems.  For  instance,  a 
problem  which  results  in  a  quadratic  equation  is  to  be  given  to 
the  pupil  before  he  has  studied  quadratic  equations.  After  and 
only  after  the  pupil  has  stated  the  problems  and  finds  that  he  has 
an  equation  which  he  cannot  solve  by  the  methods  which  he  has 
been  using  does  he  feel  a  need  of  knowing  how  to  solve  a  quad- 
ratic equation. 

Furthermore,  other  problems  resulting  in  quadratic  equations 
should  be  solved  by  the  pupil  before  he  is  given  drill  in  solving 
quadratic  equations.  Then  quadratic  equations  may  be  presented 
simply  for  drill  in  a  process  which  he  has  already  found  he  needs 
if  he  is  to  understand  and  control  certain  problems  which  he 
considers  valuable.  As  a  rule  the  amount  of  drill  required  will 
be  much  less  than  we  are  accustomed  to  require. 

This  is  exactly  the  reverse  of  our  traditional  procedure.  Wc 
usually  spend  a  number  of  recitations  drilling  the  class  upon 
processes  and  symbolism  and  then  a  few  recitations  in  applying 
them  in  problems.  But  if  a  pupil  does  not  realize  what  a  given 
process  is  good  for,  it  is  hard  to  see  how  he  can  have  a  legitimate 
direct  motive  for  studying  it.  And  an  appreciation  of  the  useful- 
ness of  a  process  can  only  be  acquired  by  the  use  of  that  process. 
Therefore  if  problems  are  to  furnish  motive  for  the  study  of 
processes,  they  must  precede  and  not  follow  the  drill  on  the 
processes. 

Where  are  our  problems  to  come  from,  and  what  shall  be  our 
basis  of  selection?  If  we  deliberately  set  out  to  find  problems 
for  the  purpose  of  building  up  a  course,  we  may  enter  upon  the 
search  with  enthusiasm  and  confidence.  However,  the  examina- 
tion of  our  present  texts  reveals  the  fact  that  the  types  of  prob- 
lems which  we  have  are  not  numerous  and  that  many  of  the 
problems  now  in  our  texts  should  be  ruled  out.  The  total  num- 
ber of  problems  in  the  texts  of  to-day  which  are  not  open  to 
severe  criticism  does  not  exceed  a  few  hundred;  if  we  except 
duplicates  the  number  is  considerably  less  than  fifty. 
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In  the  exposition  of  the  aim  or  function  of  elementary  algebra^ 
the  source  and  type  of  problems  were  suggested.  The  problems^ 
are  to  be  situations  close  to  the  life  of  the  pupil  in  which  simple  ' 
relations  occur.  This  is  to  be  our  test  for  a  problem.  We  are 
to  search  for  problems  in  those  situations  whose  quantitative 
factors  are  connected  by  relations  which  are  appropriate  for  the 
pupil  in  the  first  year  of  the  high  school. 

Problems  selected  or  made  according  to  the  criterion  do  not 
differ  essentially  from  several  of  the  problems  which  we  find  in 
the  texts  of  the  present  day.  But  all  problems  which  involve 
relations  which  are  not  natural  relations  or  involve  situations 
which  could  not  possibly  arise  would  be  emphatically  ruled  out. 
The  question  as  to  whether  a  particular  problem  is  suitable  or 
not  is  often  a  delicate  question  which  I  find  difficult  to  decide. 

Following  the  criteria  just  mentioned,  I  collected  a  list  of 
about  500  problems  about  half  of  which  were  taken  from  texts 
on  elementary  algebra  and  the  other  half  were  made  from  sug- 
gestions received  from  various  sources.  I  might  say  by  way  of 
explanation  that  this  is  the  result  of  several  months'  work  and 
in  order  to  find  this  number,  which  may  seem  small  to  you,  I  was 
compelled  to  invade  several  fields  which  are  not  usually  thought 
of  as  suitable  for  any  high  school  pupil.  At  the  time  I  com- 
pleted the  list  I  felt  that  I  had  exhausted  all  the  possibilities 
which  were  known  to  me  at  that  time.  Since  that  time,  a  matter 
of  four  or  five  months,  I  have  found  a  few  but  not  many  more 
suitable  problems. 

This  total  number  includes,  of  course,  several  problems  wliich 
are  essentially  duplicates  in  the  sense  that  they  involve  the  same 
sort  of  situation  but  different  quantities.  This  is,  I  think,  de- 
sirable, for  thus  the  pupil  has  an  opportunity  to  become  ac- 
quainted with  the  situation  before  he  leaves  it.  He  needs  some 
practice  in  order  to  handle  it  skillfully. 

This  list  of  problems  together  with  the  algebraic  tools  needccf 
for  their  control  were  organized  into  a  course  sufficient  for  the 
first  year  of  the  high  school.     The  order  was,  firsi  the  problem,  ?: 

second  the  process,  third  more  problems,  fourth,  if  needed,  drill 
upon  the  process,  and  last  problems  of  greater  difficulty.     In 
some  cases  sufficient  drill  on  the  process  was  obtained  through^ 
the  solution  of  problems.    This  was  true  in  graphical  work. 

The  material  of  the  course  was  grouped  in  six  chapters.  Ncy- 
great  importance  should  be  attached  to  this  particular  division 
since  it  is  not  an  essential  part  of  the  scheme.    The  order  of  the 
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chapters  was,  however,  rather  carefully  thought  out.  This  order 
seems  to  be  demanded  if  processes  are  to  be  used  when  needed. 

The  first  chapter  of  the  course  is  introductory  and  begins  with 
percentage  problems.  The  student  is  first  asked  to  solve  prob- 
lems involving  the  various  cases  by  the  usual  methods  of  arith- 
metic. Problems  whose  arithmetical  solution  is  rather  difficult 
are  given  to  the  pupil.  The  equation  is  then  offered  him  as  a 
means  of  solving  these  problems  and  as  a  way  of  stating  the  re- 
lation existing  between  the  quantities  (base,  rate,  and  percen- 
tage). The  transition  from  arithmetic  is  slow  and  is  never 
forced.  Necessary  explanations,  definitions,  and  drill  on  the 
equation  are  given  only  as  they  are  needed  by  the  pupil.  Besides 
percentage  problems  there  are  included  in  this  chapter  lever  prob- 
lems, problems  of  uniform  motion,  partnership,  and  a  few  mis- 
cellaneous problems.  In  no  case  does  the  resulting  equation  ne- 
cessitate transposition  nor  do  negative  numbers  occur. 

Chapter  II  is  limited  to  problems  resulting  in  simple  equations. 
The  operations  introduced  are  removal  of  parentheses,  transposi- 
tion, negative  numbers  and  operations  with  them.  The  problems 
of  this  chapter  are  taken  from  levers,  uniform  motion  (linear 
and  circular),  changing  thermometer  readings  from  Fahrenheit 
to  Centigrade,  specific  gravity,  and  mixtures. 

In  chapter  III  the  quadratic  equation  is  introduced  together 
with  the  multiplication  of  binomials,  arithmetical  square  root, 
factoring  (in  simple  cases),  exponents  and  radicals  for  squares 
and  square  roots.  The  problems  are  taken  from  mensuration, 
motions  at  right  angles,  and  errors  in  measurements. 

These  three  chapters  form  half  of  the  text.  With  the  excep- 
tion of  simultaneous  equations  they  include  practically  all  that 
is  usually  taught,  which  is  required  for  the  solution  of  the  prob- 
lems given  in  the  first  year  of  the  high  school.  It  may  be  inter- 
esting to  know  that  they  were  easily  completed  by  Christmas. 

The  fourth  chapter  takes  up  fractional  equations  and  clearing 
of  fractions.  The  problems  are  taken  from  the  determination 
of  unknown  heights  and  distances  by  means  of  the  ratios  of  sim- 
ilar triangles,  mensuration,  and  division  of  labor.  In  addition  to 
this  the  solution  of  triangles  by  means  of  drawing  to  scale  when 
angles  are  given  as  data  (protractors  are  used)  are  taken  up 
and  problems  introduced  from  mechanics,  composition  and  reso- 
lution of  forces  and  velocities,  work,  energy,  momentum,  etc. 
Types  of  variation  are  studied  under  the  name  of  variation.  For 
example,  the  law  of  attraction  above  and  below  the  surface  of 
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the  earth,  the  relation  between  the  length  of  a  pendulum  and  the 
time  of  vibration,  etc.,  are  studied. 

Chapter  V  is  devoted  largely  to  the  graphical  solution  of  prob- 
lems which  the  pupil  cannot  readily  solve  otherwise.  The  graph 
is  not  presented  as  a  means  of  solving  equations  but  as  a  method 
of  solving  problems.  In  this  chapter  the  pupil  studies  such  prob- 
lems as  the  relation  between  the  time  of  day  and  the  tempera-  • 
ture,  statistical  problems,  maximum  and  minimum  problems, 
areas  of  irregular  tracts  by  means  of  cross  section  paper,  and 
the  graphical  representation  of  time  tables. 

The  last  chapter  consists  of  five  pages  devoted  to  simultaneous 
equations.     No  new  types  of  problems  are  given  here. 

As  I  stated  in  the  beginning  I  have  used  this  course  as  a  text 
in  a  class  this  year.  The  class  was  an  average  first-year  class. 
Most  of  the  members  of  the  class  had  never  studied  algebra. 
In  addition  to  this  the  course  has  been  used  for  a  portion  of  the 
year  in  three  other  classes  by  [inexperienced  teachers  under  con- 
ditions not  as  favorable  as  I  had. 

The  things  aimed  at  are  such  that  they  cannot  be  measured 
in  terms  of  definite  units  and  hence  the  results  cannot  te  stated 
in  definite  form.  But  I  may  say  that  in  comparison  with  other 
classes  I  have  taught  either  in  mathematics  or  science  the  inter- 
est of  the  class  has  been  unusual.  I  feel  that  I  am  conservative 
in  saying  that  it  excels  that  of  any  other  class  in  mathematics 
which  I  have  taught.  They  know  how  and  can  solve  a  large 
number  of  problems,  many  of  them  difficult.  Their  attitude 
toward  a  problem  is  not  that  it  is  something  which  they  are 
merely  to  solve  but  rather  that  it  is  an  opportunity  for  them  to 
study  certain  relations  and  ways  of  handling  these  relations  and 
to  learn  a  method  of  attack.  In  addition  to  this  they  have  a 
fair  knowledge  of  the  operations  and  processes  of  elementary 
algebra.  They  are  able  to  attack  a  problem  intelligently  and 
have  learned  to  know  when  they  are  right.     They  know  how  to  ^ 

determine  whether  their  results  are  reliable  or  net.  ^ 

The  work  in  the  other  classes,  although  it  has  not  been  carried  A 


on  long  enough  to  warrant  as  definite  statement,  has  been  suc- 
cessful. 

I  am  well  aware  that  this  must  be  considered  as  a  first  attempt 
and  that  the  whole  thing  is  yet  quite  crude.  Much  remains  to 
be  done  before  a  definite  stand  can  be  taken.  However,  I  feel 
that  the  ideas  upon  which  the  course  is  based  are  sound  and  that 
when  the  course  is  properly  worked  out  a  distinct  advance  in 
the  organization  of  the  subject-matter  of  elementary  algebra  will 
have  been  made.  Digitized  by  LjOOglC 
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PBOBLEM  DEPABTMENT. 

By  E.  L.  BaowN, 
Principal  North  Side  High  School,  Denver,  Colo. 

Readers  of  4his  magazine  are  invited  to  send  solutions  of  the  problems 
in  which  they  are  interested.  Problems  and  solutions  will  be  duly  credited 
4o  their  authors.  Address  all  communications  to  £.  L,  Brown,  343s  Al- 
xott  Street,  Denver,  Colo, 

Algebra. 

270.  Proposed  by  Letitia  Odell,  Denver,  Colo, 

Factor  x*Sxy+15}i^2x—4y—3, 

I.  Solution  by  C.  A.  Perrigo,  Dodge,  Neb,,  and  £.  G.  Berger,  St.  Paul, 
3iiHn. 

If  the  expression  can  be  factored,  its  form  shows  it  to  be  the  product 
4>f  two  polynomials  of  the  first  degree.  Also,  the  expression  jt*— 8jry-+-15y* 
cnust  be  the  product  of  the  terms  of  the  first  degree  in  these  polyno- 
cnials. 

By  inspection  x*^Sxy+15y  ez  (:r— 5y)(^-3y.)  (1.) 

Hence  if  the  given  expression  is  composite  there  must  be  two  numbers 

/  and  ^  such  that  ;r«— 8;ry-f  15>«-f  2;r-4y-3  =  ix-Sy-^pHx-dy+g)      (2.) 

=  x*--Sxy-\-lSy+{p+g}x-(3p-\-Sg)y^Pq.  (3.) 

If  (3)  is  an  identity,  2x=(p+q)x  and— 4y=— (3/+5^)y  and^=— 3. 

'Therefore,  2=/+^,  4=3/-|-5^  and/g=— 3. 

Solving  we  obtain /=3  and  ^=—1,  which  values  prove  in/jr=— 3. 

Substituting  in  (2.)  we  obtain 

x*-^y+lSy^'^2X'-Ay-3={x—5y+$)(X''3y—l). 

II.  Solution  by  A,  M.  Harding,  Fayetteville,  Ark.,  and  H.  H.  Seidell, 
St.  Louis,  Mo. 

By  partially  extracting  the  square  root  of  the  given  expression,  it  can 
be  written 

(;r-4y+l)»-'>^2)«=(;r-  3j^-l)(jr-5H-3). 

III.  Solution  by  T.  M.  Blakslee,  Ames,  Iowa,  and  Richard  Morris, 
New  Brunswick,  N.  J. 

Write  the  expression  in  the  form 

^-(8y— 2);r-fl5^— 4y-3. 
Bquate  this  to  zero  and  solve  the  quadratic  for  x. 
"Then  x:=sSy—$  or  Sy+l. 
^'.  the  given  expression  =  (x — 5y+3){x — 3^^— 1). 

271.  Proposed  by  H,  B.  Trefethen,  Waterville,  Me. 

If  >•*— y4r+l=0,  express  y,  by  means  of  indeterminate  coefficients,  in  a 
series  of  monomials  (1)  in  ascending  powers  of  x;  (2)  also  in  descend- 
ing powers  of  x. 

Solution  by  JV.  J.  Risley,  Decatur,  III.,  and  the  Proposer. 

Solving  the  given  equation,  j«=;r/2±i/i*74^.    Hence 

y==x/ldtzV^^  l/l-;rV4 (1)  or>=;r(l=hi/l— 4/;r«)/2 {Z\ 

Put  jr«(;r/2)>,  thus  sr-^  ss  (2/;ry«.  and  d:  T/l-jrV4 


or    db  1/1— 4/;r«=  db  i/'l-jar*>. 
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Now  put  db  i/l-jT*!  «  A+Bjr*»  +  C«*«  +  Djr*«  +  Bir*«  +  etc. 
Squaring.  1— z*>  =  A>+2ABjr*»  +  (B«+2AC)**«  +  2(AD+BC)jr*» 

+  (CH-2AB+2BD)jr**  -f  etc. 
Whence  A=±l.  B»=Fl/2,  C==Fl/2  . 4,  Dss=f3/2  .4.6. 
B«=f3.5/2.4.6.8,etc. 

Hence>../2:b/[l-4.  ^  -  L.  ^  -  HtT  ^ 

1 . 3  .5 (2r-3)  ^ •]  .- . 

A^  ^  r,  _^A         1     2«  12*  1.3    2* 


1.3.5 


x^         2, 

..(2r-3) 


4.6  X* 


(2). 


2.4.6.8 Zr    x^ 

=jr(l/2dbl/2)=F*-»=F-r^T2;r-»T5jr-'T  . . . .  ^2  . 6 .  10  . .  .2(2r-3)/|!i«*^>. 
all  the  coefficients  being  integers. 

272.  Selected, 

Let  P  and  P'  denote  integral  functions,  and  M/N  andM'/N'  proper 
fractions.     If  P+M/N=P'+M'/N',  then  P  =  P'  and  M/NEZM'/N'. 

Solution  by  A.  M.  Harding,  Fayetteville,  Ark,,  and  Nelson  L.  Roray, 
Metuchen,  N,  /. 

Suppose  P  ^  P'  and  let  PsP'+P' '.  where  P"  is  an  integral  function. 
Then  P'-hP"+M/N=P'-f  M'/N'. 

that  is  P"=M'  /N'— M/N.  a  proper  fraction. 
This  is  absurd  unless  M/NsMVN'  and  P"=:0. 
In  this  case  PsP'. 

273.  Example  71,  p,  34,  "A  Course  of  Plane  Geometry  for  Advanced 
Students,  Part  I,"  by  Clement  V.  DurelL 

Given  the  incenter.  circumcenter,  and  one  excenter  of  a  triangle;  con- 
struct it. 

Solution  by  L  L.  Winckler,  Cleveland,  O.,  and  /.  G,  Gwartney,  Moun- 
tain View,  Cal. 

Let  ABC  be  the  required  triangle.  The  line  passing  through  O  the 
incenter  and  O'  the  excenter  bisects  the  angle  BAC.  O'^  is  the  circum- 
center and  K  is  the  midpoint  of  00'. 

OBO'  and  OCO'  are  right  angles,  since  the  sides  of  each  bisect  sup- 
plementary adjacent  angles.  Hence  KB=KC  and  K,  being  in  the  per- 
pendicular bisector  of  BC  and  also  in  the  bisector  of  the  angle  A,  is  on 
the  circumcircle. 

Therefore  to  construct  the  triangle,  describe  about  O"  with  radius 
=0''K  the  circumcircle  ABC,  and  on  OO'  as  diameter  the  circle  OBO'C. 
ABC  is  the  required  triangle. 

274.  Proposed  by  John  Gaub,  Ithaca,  N.  Y, 

A  round  hole  one  foot  in  diameter  is  cut  through  a  sphere  20  inches 
in  diameter.    Find  volume  of  part  remaining. 

Remark :  The  axis  of  the  hole  is  to  pass  through  center  of  the  sphere.— 
Ed. 

I.  Solution  by  /.  H.  Helman,  Conneaut,  O.,  and  Eugene  M.  Dow, 
Brighton,  Mass. 

The  part  removed  consists  of  (1)  a  right  circular  cylinder  having  a 
radius  of  six  inches  and  an  altitude  of  sixteen  inches,  and   (2)  of  two 


I 
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equal  spherical  segments  of  one  base  and  having  an  altitude  of  two 
inches. 

Vol.  of  8phere=4000  w/Z  cu.  in. 

Vol.  of  cylinder =576x. 

Vol.  of  one  spherical  segment=112«'/3. 

.-.  Vol.  remaining=4000  w/Z  -  (576»+224«'.  3)  =  2048«'.  3. 

II.    Solution  by  G.  Sergent,  San  Mateo,  Cal. 

A  plane  passing  through  axis  of  hole  will  intersect  the  portion  re- 
maining in  two  equal  circular  segments.  Let  AMB  be  one  of  these  seg- 
ments, AB  the  chord  and  M  the  midpoint  of  the  corresponding  arc  AB. 

Use  theorem:  The  solid  generated  by  a  circular  segment  revolving 
about  a  diameter  exterior  to  it,  is  equivalent  to  one  sixth  of  a  cylinder 
whose  radius  is  the  chord  of  the  segment  and  whose  altitude  is  the  pro- 
jection of  that  chord  on  the  axis. 

The  vol.  generated  by  the  segment  AMB  revolving  about  axis  of  hole 
equals 

We  easily  find  AB=16. 
.-.  V=i«'AB»=2048«'/3. 
275.    Proposed  by  H.  £.  Trefethen,  Waterville,  Me. 
Divide  the  triangle  whose  sides  are  7,  15,  20  into  two  equivalent  parts 
by  a  radius  of  the  circumcircle. 

Solution  by  A.  M.  Harding,  Fayetteville,  Ark,,  and  L.  R.  Perkins, 
Franklin,  Mass. 

AB=20.  BC=7.  CA=15 

Area  =  K=  V  s{s-a){s—d){s—c)=42 

Radius  of  circumcircle  is  SA=R=  ^^  =  -r— 

It  can  be  easily  shows  that  the  perpendiculars  from  S  upon  AB  and  CA 

arc  respectively  -^  and  10. 

Draw  a  radius  of  circumcircle  cutting  AB  at  B '  and  AC  at  C '  and  suppose 
this  to  be  the  required  radius. 
Iwet  AB'=^'  and  AC'=*'. 
Area  A  SAC  =  >iAC'X10=5*'. 

Area  A  SAB'  =  >iAB'X  -y-  =  ^-• 

.-.  A  AB'C'=5/^'-  i^  =)4K=21; 

1.^.20^' -15^' =84. 
AABX'  _  AB'XAC     «  1.    .    ^  _^ 
^^^     AABC  ABXAC  ^  •  •    300       ^ 

From  these  equations  we  find 

*'=  AC'=  -^  (1/12994-7)        =  12.9123  nearly 

^'  =  AB'=  -^  (v/i299-7)        =  11.6164     ** 

N.  B.    To  construct  a  line  =1/1299  geometrically  it  is  only  necessary  to 
form  a  right  triangle  whose  legs  are  12  yTand  17  \/3. 
Then  the  hyp.  =i/l299. 

Digitized  by  LjOOQIC 


PROBLEM  DEPARTMENT 


235 


OBEDIT  FOB  SOLUTIONS  RECEIVED. 

259.  W.  T.  Grccnstreet,  Jacob  P.  Sauter,  Florence  Winslow.  (3) 

265.  Lester  F.  Weeks.    (1) 

267.  G.  Sergent.    (1) 

268.  G.  Sergent.     (1) 

270.  E.  G.  Berger,  T.  M.  Blakslee.  C.  D.  Donaldson,  Eugene  M.  Dow, 

John  M.  Gallagher  (two  solutions),  J.  G.  Gwartney,  A.  M.  Hard- 
ing, Horace  J.  Hedges,  J.  E.  Helman,  G.  I.  Hopkins,  Richard 
Morris,  T.  R.  Parker,  C.  A.  Perrigo,  L.  R.  Perkins,  T.  E.  Peters, 
W.  J.  Risley  (two  solutions),  Nelson  L.  Roray,  Jacob  P.  Sauter, 
H.  H.  Seidell.  Lester  F.  Weeks.  I.  L.  Winckler.    (23) 

271.  L.  R.  Perkins,  W.  J.  Risley,  H.  H.  Seidell,  H.  E.  Trefethen.    (4) 

272.  A.  M.  Harding,  H.  G.  McCann,  Nelson  L.  Roray.    (3) 

273.  J.  G.  Gwartney,  A.  M.  Harding,  L.  R.  Perkins,  C.  A.  Perrigo,  Nel- 

son L.  Roray,  G.  Sergent,  H.  E.  Trefethen,  L  L.  Winckler.     (8) 

274.  T.  M.  Blakslee,  Eugene  M.  Dow,  J.  G.  Gwartney  (two  solutions), 

A.  M.  Harding,  J.  E.  Helman,  H.  G.  McCann,  Richard  Morris, 
L.  R.  Perkins,  C.  A.  Perrigo,  W.  J.  Risley,  Nelson  L.  Roray, 
H.  H.  Seidell,  G.  Sergent,  Lester  F.  Weeks,  L  L.  Winckler.    (16) 

275.  A.  M.  Harding,  L.  R.  Perkins,  Nelson  L.  Roray,  H.  E.  Trefethen, 

L  L.  Winckler,    (5) 
Total  number  of  solutions,  (65). 

PBOBLEMS  FOB  SOLUTION. 
Algebra. 

287.  Hawke/  Advanced  Algebra,  p.  79,  Ex.  45. 
Solve  and  check: 

I    ,    41^^       97     ,     » 

288.  Proposed  by  Nelson  L.  Roray,  Metuchen,  N,  /. 

One  night  three  men,  A,  B,  and  C,  stole  a  bag  of  apples  and  hid  them 
in  a  barn  over  night  intending  to  meet  in  the  morning  to  divide  them 
equally.  Some  time  before  morning  A  went  to  the  barn,  divided  the 
apples  into  three  equal  shares  and  had  one  apple  too  many,  which  he 
threw  away.  A  took  one  share  and  put  the  others  back  into  the  bag. 
Soon  after,  B  came  and  did  exactly  as  A  had  done.  Then  came  C,  who 
repeated  what  A  and  B  had  done  before  him.  In  the  morning  the  three 
met  saying  nothing  of  what  they  had  done  during  the  night.  The  re- 
maining apples  were  divided  into  three  equal  shares  with  still  one  apple 
too  many.    How  many  apples  were  there  in  the  bag  at  the  beginning? 

Geometry. 

289.  Proposed  by  L.  R.  Perkins,  Franklin,  Mass. 

Without  employing  proportional  lines,  construct  a  triangle  given:  c,  B, 
b — a,  where  b>a. 

290.  Proposed  by  Franklin  T.  Jones,  Cleveland,  O. 

If  the  side  of  a  regular  tetrahedron  is  a  find  the  radii  of  the  inscribed 
and  circumscribed  spheres. 

291.  Proposed  by  Editor. 

If  through  the  vertices  of  any  inscribed  polygon  tangents  are  drawn 
forming  a  circumscribed  polygon,  the  continued  product  of  the  perpen- 
diculars from  any  point  in  the  circle  on  the  sides  of  the  inscribed  polygon 
IS  equal  to  the  continued  product  of  the  perpendiculars  from  the  same 
point  on  the  sides  of  the  circumscribed  polygon. 
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SOIENOE  QUESTIONS. 

By  Franklin  T.  Jones, 
University  School,  Cleveland,  Ohio, 

Our  readers  are  invited  to  propose  questions  for  solution — scientific  or 
pedagogical — and  to  answer  the  questions  proposed  by  others  or  by  them- 
selves.  Kindly  address  all  communications  to  Franklin  T,  Jones,  Univer- 
sity School,  Cleveland,  Ohio. 

Questions  and  Problems  for  Solution. 
Answer  serially  numbered  questions. 

Entrance  Examination  in  Agricnltore,  Oornell,  1910. 

For  one-half  unit  credit  answer  the  first  six  questions. 
For  one  unit  credit  answer  each  of  the  ten  questions. 

I.  a.   Name  the  four  most  important  breeds  of  dairy  cattle. 

b.  Tell  where  each  breed  originated. 

c.  Give  the  characteristics  by  which  each  breed  may  be  recognized. 

II.  Explain  in  detail  what  are  the  advantages  of  underdrainage. 

III.  Give  the  chief  points  to  be  observed  in  the  production  of  sanitary 
market  milk. 

69.  IV.  How  much  nitrate  of  soda  containing  15  per  cent  nitrogen, 
acid  phosphate  containing  16  per  cent  phosphoric  acid,  and  muriate  of 
potash  containing  50  per  cent  potash,  will  be  required  to  make  the  equiva- 
lent of  a  ton  of  2  :  8  :  5  fertilizer? 

V.  What  is  meant  by  the  term  nutritive  ratio,  in  calculating  balanced 
rations  ? 

VI.  How  should  Bordeaux  mixture  be  made?  What  is  the  purpose  of 
each  ingredient  used? 

VII.  Describe  the  method  of  estimating  the  age  of  horses  by  the  teeth. 

VIII.  What  spray  materials  are  used  to  control  sucking  insects?  To 
control  biting  insects? 

70.  IX.    A  New  York  dairy  farmer  has  100  acres  of  fairly  good  land : 

a.  What  crops  should  be  grown  on  it  for  his  purposes? 

b.  What  acreage  of  each  should  be  grown? 
c    What  rotation  should  be  followed? 

71.  X.  A  man  has  plowed  a  strip  6^  rods  wide  with  furrows  30  rods 
long.  How  many  acres  has  he  plowed  ?  How  man  ytums  has  he  made  if 
the  plow  cuts  14  inches?  How  far  has  he  traveled?  How  long  did  it  take 
him  if  the  team  walked  2  miles  per  hour  and  if  an  average  of  3  minutes 
was  lost  at  each  turn?  How  much  did  it  cost  him  at  the  rate  of  40  cents 
an  hour  for  man  and  team? 

Solutions  and  Answers. 

65.    Proposed  by  Tom  Anderson,  Cleveland. 

If  5.23  gm.  brass  yield  0.0345  gm.  PbSO*,  and,  subsequently  on  electroly- 
sis of  filtrate,  0.0031  gm.  P50i,  what  is  the  per  cent  of  lead  in  the  brass? 
Solution  by  E.  M.  Dunn,  Aledo,  III. 
The  atomic  weights  used  were  adopted  in  1904,  with 
0=16,  Pb=206.9  8=32.06 
Atomic  weight  of  PbSO4s302.96. 

"  *'      •*  PbOa=238.9 

206.9  -^<  302.96  «  .682 
68.2%  s  per  cent  of  lead  in  PbSOt 
106.9  -»-  238.9  =  .866 
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86.6%  =  per  cent  of  lead  in  PbOa 

.0345  X  .682  =  .023529  weight  of  lead 

.0031  X  .866  =  0.026846  =  weight  of  lead. 

Weight  of  lead  in  brass  .0262136 

.0262136  -^  5.23  «  .00501 

.00501  =  }i%,  with  an  error  that  is  so  small  that  it  could  be  neglected 
as  I  have  not  carried  an3rthing  farther  than  three  places  in  division. 

67.    Proposed  by  C,  A,  Perrigo,  Dodge,  Neb. 

Find  the  equation,  in  terms  of  x  and  y,  for  an  object  projected  inta 
empty  space  with  a  velocity  v  and  an  angle  oc  with  the  horizontal  plane. 
Compute  its  time  of  flight  and  range. 

Solution  by  the  Proposer. 

Distance  traversed  on  X  axis  daring  /  seconds  would  be  vt  cos  a.  Dis* 
tance  traversed  on  Y  axis  would  be  vi  sin  a,  but  gravity  has  caused  it  to  fall 
during  that  time  a  distance  =  >4^/'.  So  actual  distance  traversed  on  Y 
axis  would  be  z^  sin  a  •—  }igt^. 

Then  jr  =  z^  cos  a 1        and 

y  =  vt  sin  a  —  }i£t* 2 

from  (1)/=:  — ^^— 3 

2/cosa 

Substituting  in  (2) 

vx  sin  g  _       g^               ^ 
^       V  cos  a         2z/*  cos*  a 

oty^x  tan  a—  ^r-^ — y— 5 

•^  2tr  cos"  a 

which  is  the  equation  required. 

To  find  time  of  flights  =  0  in  equation  (2) 

.A        -<   •  ^'*    A      2  z/  sin  o  ^ 

2  g 

To  find  the  range  j'  =  0  in  equation  (5 ) 

.   rt  ^  gx^  2v*  cos  a  sin  a 

.*.  Oss;rtana ^ — =— ,  x=  

»■  cos"  o*  g 

z^  sin  2a 
or  4r  =  

Wanted— Information. 

What  are  you  doing  that  is 

dijferentf 

better  than  you  have  done  before? 

newf 

old  but  producing  good  results  f 

helpful  to  the  less  experienced  teacher? 

unknown  to  the  rest  of  us? 
Write  it  up  and  send  in  to  the  Editor,  or  write  out  your  question  as  to 
how  to  accomplish  a  given  result,  or  tell  of  someone  who  is  doing  new 
and  excellent  things. 
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MTNUTES  OF  THE  EARTH  SOIENOE  SECTION,  CENTRAL 
ASSOCIATION. 

The  eleventh  annual  meeting  of  the  Earth  Science  Section  of  the  Cen- 
tral Association  of  Science  and  Mathematics  Teachers  was  held  in 
Room.  55,  Lewis  Institute,  Chicago,  December  1  and  2,  1911. 

The  meeting  was  called  to  order  at  2  p.  m.,  December  1,  by  the  chair- 
man, D.  C.  Ridglcy  of  the  State  Normal  University,  Normal,  111. 

The  chairman  appointed  the  following  committees: 

Nominations,  Mr.  James  H.  Smith,  Austin  High  School,  Chicago;  Mr. 
J.  M.  Large,  Township  High  School,  Joliet,  III.;  Mr.  Charles  E.  Pcet, 
Lewis  Institute,  Chicago. 

Resolutions,  Professor  G.  R.  Mansfield,  Northwestern  University,  Ev- 
anston.  111.;  Miss  Smedlcy,  Joliet,  111.;  Mr.  W.  P.  Holt,  Toledo,  O. 

The  following  papers  were  presented:  "Some  Geographic  Influences 
in  the  Development  of  Alaska,"  U.  S.  Grant,  Northwestern  University. 

Professor  Grant  gave  a  very  interesting  talk  illustrated  by  stereopticon 
maps  and  views,  many  of  the  latter  being  colored,  of  the  region  of 
Prince  William  Sound,  from  Copper  River  Inlet  to  the  Kenai  Peninsula. 
He  said  in  part:  This  is  a  district  with  a  very  irregular  shore  line 
formed  by  the  sinking  of  a  mountainous  coast,  leaving  long  bays  extend- 
ing far  back  into  the  land,  and  long,  narrow  peninsulas.  It  is  surrounded 
on  the  north  by  the  crescent  shaped  range  of  the  Chugach  mountains, 
which  rise  from  one  to  two  miles  above  the  level  of  the  sea,  and  so  by 
stopping  the  westerly  winds  bring  a  heavy  precipitation  (90"  and  IW) 
a  milder  climate,  and  forms  an  abundance  of  glaciers  at  the  heads  of  the 
long  bays.  The  range  shows  the  effect  of  much  more  extensive  glacia- 
tion,  many  of  the  mountains  being  rounded  at  the  top  by  the  ice  which 
passed  over  them,  while  others  have  sharp  peaks  which  were  nunataks 
of  the  surface  of  the  glacier.  The  retreat  of  the  great  glacier  has  left 
numerous  hanging  valleys  with  waterfalls  which  are  as  yet  almost  un- 
used as  a  source  of  power  for  electricity. 

In  these  mountains  may  be  found  the  tarns,  lakelets  which  occupy  de- 
pressions in  old  glacial  valleys,  and  cirques  at  the  heads  of  these  valleys; 
where  the  drowning  of  the  coast  line  has  been  carried  far  enough  these 
cirques   form  peculiar  horseshoe  shaped  bays. 

This  region  was  first  discovered  by  Captain  Cook  and  Vancouver 
about  1793-94  in  their  search  for  a  northwest  passage ;  later  it  was  visited 
by  both  Russian  and  Spanish  explorers,  and  many  of  the  names  given  by 
Hidalgo  still  remain.  Following  the  Spanish  came  the  fur  traders,  but 
the  region  does  not  contain  a  large  amount  of  animal  life,  only  the  lower 
slopes  of  the  mountains  being  forested;  the  chief  fur  is  that  of  the  sea 
otter,  now  almost  exhausted,  a  single  pelt  of  which  brings  $1,000. 

Canneries  came  next  in  the  history  of  the  development  of  this  sec- 
tion, but  as  implements,  workers,  and  their  shelter  and  food  were 
brought  up  by  boat  from  San  Francisco  and  they  together  with  their 
output  returned  by  boat  to  San  Francisco  at  the  end  of  the  season,  this 
did  not  tend  to  any  permanent  settlement. 

In  the  wake  of  this  came  the  mining  excitement,  now  developed  into 
an  industry,  and  with  the  mines  came  the  settlement  and  development  of 
the  district.  There  are  two  great  mines  and  there  were  hundreds  of 
prospects  in  this  region ;  pictures  were  shown  of  the  Bonanza  Copper 
mine  really  a  quarry — a  mountain  side  from  which  copper  is  being  taken 
out  and  conveyed  by  trains  to  the  sea  only  half  a  mile  away. 
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The  city  of  Valdez,  from  a  collection  of  houses  has  become  almost  a 
metropolis  with  government  cable  and  telegraph  lines  and  road.  This  is 
the  point  of  landing  for  the  overland  trail  from  the  interior  and  the 
transfer  business  and  the  exploitation  of  mines  have  built  up  the  town; 
incidentally  miners  who  come  down  from  the  interior  to  spend  the  win- 
ter are  also  exploited,  and  many  of  them  "go  broke"  before  spring.  Val- 
dez  has  electric  power  from  a  waterfall  in  a  hanging  valley;  but  coal 
cannot  be  obtained  from  the  coal  fields  near  at  hand,  because  of  the 
failure  of  development  under  governmental  regulations,  and  when 
shipped  in  costs  about  nineteen  dollars  a  ton. 

The  city  of  Valdez  is  built  on  an  outwash  plain  of  the  rivers  which 
drain  the  glaciers,  and  as  these  distributaries  frequently  change  place 
during  floods,  the  inhabitants  have  been  obliged  to  build  a  wall  around 
the  land  side  of  the  place  in  order  to  prevent  their  real  estate  from 
being  washed  out  to  sea.  Back  of  the  city  the  overland  trail  leads  for 
miles  over  the  Valdez  glaciers    to  the  interior. 

Professor  Grant  spoke  of  Alaska's  possibilities — so  far  undeveloped, 
as  a  tourist  country  because  of  its  scenic  attractions;  one  glacier,  the 
Columbia,  being  larger  than  all  the  glaciers  of  the  Alps  put  together. 
Mention  was  made  of  the  advances  and  retreat  of  this  glacier,  which 
were  clearly  shown  by  the  slides;  the  ice  front  with  its  pinnacles  was 
shown  in  many  of  the  glaciers  of  College  Sound,  at  whose  head  are  two 
glaciers  named  respectively  Yale  and  Harvard;  down  the  length  of  the 
sound  <are  a  row  of  glaciers  bearing  the  names  of  various  women's  col- 
leges. 

Views  of  Seward  showed  a  fiord  being  filled  in,  with  the  town  built  on 
a  large  alluvial  fan.  The  slope  and  drainage  make  this  a  healthful  sit- 
uation. 

In  conclusion  Professor  Grant  spoke  of  the  resources  of  this  section, 
largely  of  course  connected  with  the  mines;  agriculture  being  undevel- 
oped, though  potatoes  and  garden  crops  can  be  raised  near  Seward. 

In  the  absence  of  Walter  S.  Tower  of  the  University  of  Chicago, 
Professor  Woodworth  of  Lewis  Institute  gave  an  interesting  talk  oa 
Humidity. 

The  exercise  was  illustrated  with  lantern  slides  and  many  striking  facts- 
relating  to  humidity  were  brought  out.  A  United  States  map  was  exhib- 
ited showing  the  percentage  of  relative  humidity.  It  was  pointed  out 
that  this  same  map  was  a  very  good  vegetation  map,  though  drawn  with- 
out any  reference  to  vegetation.  Emphasis  was  placed  on  the  fact  that 
the  peach  and  pine  belt  of  the  United  States  lay  in  a  definite  humidity/ 
belt. 

Many  interesting  relationships  between  humidity  and  people  were  de- 
scribed, and  illustrated  by  the  lantern  slides.  It  was  shown  that  people 
living  in  a  very  moist  or  a  very  dry  climate  were  small  of  stature,  while 
the  taller  races  live  in  a  climate  intermediate  in  relative  humidity.  It 
was  shown  how  our  steam-heated  flats  in  cold  weather  "out-desert  the 
desert,"  the  humidity  often  being  much  less  than  in  the  Sahara.  The 
unhealth fulness  of   such   conditions  was  pointed   out. 

The  second  session  was  called  to  order  at  10:30  by  the  chairman,  Mr. 
Ridgley. 

The  committee  on  nominations  reported  its  recommendations:  Geo.  R. 
Mansfield,  Northwestern  University,  Chairman;  W.  E.  Durstine,  Cleve- 
land, Ohio,  Vice-Chairman ;  Miss  Bertha  Anderson,  Whitewater,  Wis.,. 
Secretary.    These  persons  were  duly  elected. 
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The  following  paper  was  presented:  "The  Content  and  Purpose  of  the 
Second  Half  Year  of  High  School  Geography,"  by  R.  H.  Whitbeck. 
£ditor  Journal  of  Geography,  University  of  Wisconsin. 

This  paper  together  with  an  outline  of  the  physical  geography  course  at 
Lewis  Institute  will  be  published  elsewhere. 

Report  of  Committee  on  Fundamentals,  W.  E.  Durstine,  Chairman. 

The  report,  consisting  of  an  outline,  was  presented  and  briefly  discussed 
l>y  Miss  Grace  F.  Ellis  of  Grand  Rapids  in  the  absence  of  the  chairman. 
This  printed  report  was  furnished  to  members  present.  Copies  may  be 
obtained  by  addressing  W.  E.  Durstine,  Technical  High  School,  Cleve- 
land, Ohio.  It  was  moved  and  carried  that  this  report  be  adopted,  and 
the  committees  continued  and  directed  to  plan  both  full-year  and  half- 
year  courses. 

Report  of  the  Committee  on  the  Value  of  Different  Methods  of  Teach- 
ing Physiography,  James  H.  Smith,  Chairman.  This  report  was  accepted 
and  will  be  presented  elsewhere. 

Lack  of  time  prevented  the  presentation  of  a  report  on  An  Investiga- 
tion of  Results  of  Physiography  Teaching,  by  Chas.  E.  Peet.  Moved  and 
carried  that  this  report  be  published  in  School  Science  and  Mathematics, 
60  that  discussion  might  be  possible  at  another  meeting. 

Report  of  the  Committee  on  Desirability  of  a  General  Science  Course 
in  First  Year  High  School,  W.  P.  Holt,  Central  High  School,  Toledo, 
Ohio,  Chairman.  Mr.  Holt  furnished  members  present  with  a  list  of 
questions  to  be  answered  on  the  subject.  Members  of  the  section  who 
were  not  present  should  write  Mr.  Holt  and  get  a  list  of  these  questions. 

Report  of  Committee  on  Resolutions,  Geo.  R.  Mansfield,  Chairman. 

The  following  resolutions  were  presented  and  adopted: 

Resolved,  That  the  thanks  of  the  Earth  Science  Section  be  extended 
to  Professor  Grant,  Professor  Woodworth,  and  Professor  Whitbeck  for 
their  interesting  and  instructive  papers. 

Whereas,  In  the  opinion  of  the  Earth  Science  Section  of  the  Central 
Association  of  Science  and  Mathematics  Teachers,  no  high  school  course 
is  complete  without  some  recognition  of  the  importance  of  science  in 
•everyday  life,  and 

Whereas,  Little  uniformity  of  opinion  now  exists  as  to  the  amount  and 
•character  of  science  work  that  should  properly  be  required  in  high  school 
courses. 

Resolved,  That  the  Earth  Science  Section  recommend  to  the  other 
science  sections  the  desirability  of  the  appointment  of  a  general  com- 
tnittee  of  the  sections  to  confer  upon  this  matter,  and  be  it 

Resolved,  That  three  members  of  the  said  section  be  appointed  to  rep- 
resent said  section  on  such  a  committee,  and  be  it  further 

Resolved,  That  the  Earth  Science  Section  go  on  record  as  strongly 
in  favor  of  a  full  year's  course  in  Physiography  with  emphasis  on  human 
irelations,  and  with  double  periods  if  possible. 

Grace  F.  Ei,lis,  Secretary. 

.D.  C.  RiDGLEY,  Chairman. 

VnnXTES  OF  the  BIOLOGT  section  of  central  ASSOCIA- 
TION OF  SCIENCE  AND  MATHEMATICS  TEACHERS. 

This  section  was  called  to  order  by  the  chairman.  Miss  McClellan,  at 
1  :J0  Friday  afternoon.  The  meeting  opened  with  the  appointing  of  the 
•nominating  committee,  consisting  of  W.  L.  Eikenberry,  Mabel  Smallwood, 
and  M.  L.  Sawyer. 
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The  first  paper  of  the  afternoon  was  presented  by  Professor  Cald- 
well, who  discussed  the  present  science  situation  in  secondary  schools, 
with  especial  emphasis  on  high  school  agriculture.  He  called  attention 
to  the  following  definite  conditions : 

First,  While  the  sciences  themselves  are  very  definite,  too  definite,  the 
science  course  for  the  four  years  is  too  indefinite  and  lacks  wholly  in  co- 
ordination. In  general,  the  biological  sciences  are  found  in  the  first  and 
second  years  and  the  physical  sciences  in  the  third  and  fourth.  Still,  no 
one  general  plan  is  being  followed  as  any  of  the  usual  sciences  found  in 
a  four  year  course  can  be  found  anywhere  in  the  course,  bearing  all  pos- 
sible relations  to  each  other. 

Second,  there  is  no  uniformity  as  to  the  amount  of  science  given,  some 
schools  giving  none,  some  schools  giving  five  or  six  different  sciences. 

Third,  there  is  no  uniformity  as  to  the  amount  of  science  required,  re- 
quirements ranging  from  "all  required,"  through  "some  required"  to  "none 
required." 

Fourth,  the  same  chaotic  condition  is  evident  in  the  length  of  course. 
The  biology  course  ranges  from  two  months  to  two  years.  The  chemistry 
and  physics,  in  general,  one  year,  still  show  a  range  in  length  from  one- 
half  year  to  four  years,  physics  in  some  of  the  Eastern  schools  being  given 
for  four  years. 

This  condition  can  partly  be  explained  by  examining  the  development 
of  high  school  science.  Physics,  for  example,  came  into  our  schools  in 
this  country  as  natural  philosophy,  grew  rapidly  and  soon  developed  a 
body  of  definitely  organized  knowledge  closely  related  to  life.  Then  the 
thread  of  the  organized,  unified  subject  was  made  prominent  and  the  old 
method  of  approach  forgotten.  Physics  as  a  science  was  not  the  viewpoint 
when  the  science  came  in.  Natural  philosophy  was  not  logical,  not 
clearly  organized.  It  made  an  appeal  because  it  rationalized  the  things 
with  which  we  have  to  deal  from  day  to  day.  Physics  as  a  unified,  or- 
ganized science  is  the  physics  of  the  college.  A  different  viewpoint  is 
necessary  for  the  physics  of  the  secondary  school. 

The  other  sciences  have  shared  in  the  history  of  physics  in  secondary 
schools,  and  like  it  they  need  a  change  in  viewpoint.  Botany  must  show 
how  plants  meet  man's  needs — a  new  viewpoint  is  necessary,  and  just  here 
the  agricultural  phase  of  the  subject  comes  in.  Agriculture  has  elicited  a 
large  interest  because  it  promises  to  do  what  botany  has  failed  to  do. 
Agriculture  offers  a  means  of  practicalizing  science.  It  is  more  of  a  pro- 
test against  our  methods  of  teaching  science  than  it  is  a  new  science.  In 
shaping  the  curriculum  of  new  type  of  schools  they  have  always  started 
close  to  the  people  and  as  a  result  have  been  a  benefit  to  a  large  number. 
They  then  slowly  grow  more  formal,  then  new  needs  come  in  and  finally 
another  educational  revolution  results. 

In  trying  to  determine  the  content  of  agriculture  and  its  relation  to  the 
other  sciences  five  leading  text-books  were  examined  with  the  result  that 
little  was  found  that  is  not  found  and  taught  in  botany  and  zpology  and 
other  sciences.  The  following  were  the  books  examined,  and  upon  which 
report  was  made: 

"Agriculture  for  Schools  of  the  Pacific  Slope,"  Hilgard  and  Oster- 
haut 

2.  "Principles  of  Agriculture,"  Bailey. 

3.  "Elements  of  Agriculture  for  High  Schools,"  Warren. 

4.  "Agriculture  Through  the  Laboratory  and  School  Garden,"  Jackson 
and  Dougherty. 

5.  "Elementary  Principles  of  Agriculture,"  Fergeson  and  Lewis. 
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The  above  books  were  examined  and  analyzed  in  detail  on  the  basis  of 
the  number  of  pages  devoted  to  each  of  the  following  topics: 

1.  Physics,  theoretical  and  applied. 

2.  Chemistry,  theoretical  and  applied. 

3.  Physiography. 

4.  Botany,  elements  of,  theoretical  (as  treated  in  most  texts  on  the  sub- 
ject). 

5.  Botany,  applied. 

6.  Zoology,  elements  of,  theoretical  (as  treated  in  most  texts  on  the 
subject). 

7.  Zoology,  applied. 

8.  Evolutionary  Studies,  (a)  Animals  and  animal  breeding,  (b)  Plants 
and  plant  breeding. 

9.  Human  physiology. 

10.  Soil,  nature  and  treatment  (including  physiography  of  soil  origin). 

11.  Fertilizers,  artificial. 

12.  Farm  implements. 

13.  Household  science. 

14.  Rural  sociology. 

The  first  book  shows  the  following  pages  devoted  to  the  respective 
topics : 

1.  Physics — 0. 

2.  Chemistry— 0. 

3.  Physiography — 5. 

4.  Botany,  elements  of — 134. 

Applied— 149. 

5.  Zoology,  elements  of — 0. 

Applied — ^23. 

Human  physiology — 31. 

6.  Soil— 56. 

7.  Fertilizers— 10. 

8.  Farm  implements — 0. 

9.  Household  science — 0. 
10.    Rural  sociology — 12. 

The  above  shows  283  pages  devoted  to  botany,  8  pages  to  plant  breeding, 
56  pages  to  soils,  and  76  out  of  the  413  left  for  agriculture,  exclusive  of 
the  above  topics;  chief  emphasis  is  on  botany  and  zoology. 

The  second  book,  "Principles  of  Agriculture,"  contains  276  pages,  86  of 
which  are  devoted  to  soils,  51  to  physiology,  and  the  remainder  to  botany 
and  zoology  topics,  several  topics  being  omitted;  chief  emphasis  is  on 
soils  and  physiology. 

"Elements  of  Agriculture  for  High  Schools,"  contains  420  pages  and 
devotes  146  pages  to  botany,  130  to  zoology,  45  to  fertilizers,  28  to  rural 
sociology  topics,  several  topics  being  omitted;  emphasis  is  on  botany  and 
zoology. 

"Agriculture  Through  the  School  Garden,"  contains  389  pages  and  de- 
votes 92  to  botany,  148  to  zoology,  103  to  soils,  41  to  rural  sociology,  sev- 
eral topics  being  omitted;  emphasis  is  on  zoology,  soils,  and  botany. 

"Elementary  Principles  of  Agriculture,"  contains  303  pages  and  devotes 
86  to  botany,  111  to  zoology,  48  to  soils,  12  to  fertilizers,  7  to  farm  imple^ 
ments,  and  22  to  rural  sociology,  several  topics  being  omitted;  emphasis 
is  on  zoology. 

The  above  examination  would  seem  to  indicate  that  ag^riculture,  as  a 
separate  science,  is  not  yet  organized  but  is  made  up  from  material  taken 
from  the  other  sciences  and  largely  unchanged  in  its  nature.    This  mate- 
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rial  taken  from  the  other  sciences  because  of  the  significant  method  of 
treatment  given  to  it  is  what  has  made  agriculture  worth  while. 

The  place  for  a  special  science  of  agriculture  seems  to  be  not  before, 
but  after  the  other  sciences.  According  to  Professor  Josiah  Main,  who 
has  given  much  study  to  this  question,  an  ideal  arrangement  would  place 
the  fundamental  sciences,  taught  with  the  economic  aspect,  in  the  first 
three  years  and  agriculture  in  the  fourth  year  as  follows : 

First  Year— Elementary  physiography,  soil  tillage,  weathering,  etc. 

Second  Year — Botany,  horticulture,  crops,  cereals,  etc. 

Third  Year — Chemistry,  invertebrate  zoology,  economic  entomology, 
bacteria,  etc. 

Fourth  Year — Physics,  agriculture,  animal  husbandry,  farm  equipment, 
rural  economics,  crop  rotation,  animal  breeding,  etc. 

Professor  Caldwell's  paper  called  out  a  general  discussion.  Mr.  Conrad 
called  for  suggestions  as  to  tangible  solution  of  the  problem — how  get  hold 
of  something  more  hopeful? 

Professor  Caldwell  encouragingly  said  that  better  courses  were  being 
taught  than  were  found  in  books.  The  viewpoint  of  the  teacher  is  the 
most  vital  thing.  We  must  tie  things  up  with  the  materials  arormd  us. 
We  must  get  away  from  the  idea  that  science  must  be  taught  as  a  science. 
It  is  not  necessary  to  touch  on  every  point  in  an  elementary  course  couched 
on  in  a  higher  course. 

Mr.  Clute  urged  an  outdoor  laboratory  where  the  pupils  can  "go 
through  the  motions"  just  as  in  physics  or  chemistry.  He  indicated,  too, 
that  one  can't  teach  agriculture  without  an  agricultural  laboratory,  that 
agriculture  can't  be  taught  under  present  conditions. 

Mr.  Wright  suggested  that  horticulture  was  more  possible  than  agri- 
culture, and  Mr.  Wager  indicated  that  the  edge  of  their  athletic  field  at 
De  Kalb  had  done  good  service  in  demonstrating  crop  rotation,  orchard 
problems,  and  successful  forage  crops. 

The  discussion  was  closed  by  Mr.  Whitney,  who  said  that  the  educa- 
tion of  the  trustees  and  those  in  control  was  necessary,  as  the  need  of 
an  outdoor  laboratory  is  neither  appreciated  nor  understood. 

Mr.  A.  F.  Ewers  of  McKinley  high  school,  St.  Louis,  next  read  a  paper, 
"How  to  Make  Botany  Interesting  to  Boys  and  Girls  Reared  in  a  City." 

The  discussion  which  followed  Mr.  Ewers'  paper  was  of  a  practical 
nature.  The  possibilities  of  work  with  bulbs  was  presented.  Enthusias- 
tic class  work  and  certainty  of  results  were  two  of  the  tangible  factors 
suggested.  Coffee  as  an  economic  study  was  also  suggested — ^adulterants, 
starch  test,  method  of  glazing,  etc. 

The  next  paper  was  presented  by  W.  W.  Whitney  of  Bowen  high  school, 
Chicago,  on  "The  Application  of  Zoology  to  the  Life  of  the  Pupil  and  the 
Community." 

In  the  discussion  of  this  paper  Miss  Small  wood  suggested  that  few  of 
the  high  school  pupils  were  going  to  farm  for  a  living  and  that  the  botany 
course  isn't  required  to  make  agriculturists,  but  is  required  to  create  a 
general  sympathy  and  interest  in  living  things.  The  Geographic  Magazine 
was  urged  as  most  helpful  and  suggestive  in  solving  the  problem  of  how  to 
make  botany  "connect  up"  with  live  problems.  It  is  published  by  the 
Geographic  Society  at  Washington,  price,  $2.00. 

The  last  paper  of  the  morning  was  "A  First  Year  Course  in  Science," 
presented  by  Ada  Weckel  of  Oak  Park  high  school,  Oak  Park,  111. 

The  discussion  of  the  paper  indicated  that  in  Oak  Park  the  elementary 
science  course  has  had  a  distinct  effect  on  the  later  sciences.  The  per 
cent  of  those  electing  one  science  had  increased  from  53  per  cent  in  1908 
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to  67  per  cent  in  1911.  Mr.  Eikenbcrry,  in  discussing  the  first  year  science 
course,  said  that  a  general  view,  such  as  the  first  year  course  involves,  can't 
help  but  be  vital  and  is  needed  because  at  present  the  first  year  student 
has  no  idea  of  the  commonest  scientific  facts. 

Five  o'clock  and  the  session  adjourned. 

The  session  was  next  called  to  order  by  the  chairman  at  10  o'clock  Sat- 
urday morning.  The  first  business  was  the  report  of  the  nominating  com- 
mittee. W.  L.  Eikenberry,  chairman  of  the  committee,  submitted  the  fol- 
lowing : 

Chairman,  Fred  W.  Warner,  Milwaukee. 

Vice-Chairman,  W.  H.  Wright,  Chicago. 

Secretary,  J.  R.  Locke,  Streator. 

The  report  was  unanimously  accepted. 

Next  came  the  report  of  the  committee  on  "The  Scientific  Study  of 
Biology  Teaching:" 

Report  of  the  Committee  op  the  Scientific  Study  of  Biology  Teaching. 

One. year  ago,  in  continuing  this  committee  for  another  year  the  section 
asked  that  to  its  duty  of  encouraging  and  cooperating  with  pedagogical  in- 
vestigations, it  should  add  the  farther  duty  of  making  available  the  litera- 
ture of  the  subject. 

We  have  sought  to  fulfill  this  last  requirement  by  publishing  in  School 
Science  and  Mathematics  a  list  of  titles  which  might  be  useful  to  the 
student  of  the  subject.  In  preparing 'this  list  it  immediately  became 
evident  that  the  best  interests  of  the  members  of  the  section  would  not 
be  served  by  restricting  the  list  to  strictly  biological  material.  In  a  sub- 
ject so  new  as  this,  the  method  of  attack  is  often  of  more  importance  than 
the  subject-matter  and  therefore  the  investigator  must  be  familiar  with 
similar  work  in  other  fields  than  his  own.  For  this  reason  three  classes 
of  titles  have  been  included;  general  discussions  of  experimental  educa- 
tion, typical  investigations  in  the  pedagogy  of  nonbiological  subjects,  and 
investigations  in  the  pedagogy  of  biology.  In  the  latter  two  classes  it 
was  sought  to  admit  nothing  that  was  not  founded  upon  measurable 
data  and  therefore  entitled  to  be  called  research.  The  titles  were  pub- 
lished as  they  came  to  hand  and  are  therefore  not  classified.  They  are 
printed  in  a  form  which  will  be  convenient  for  card  catalogues,  in  which 
form  each  may  classify  for  himself. 

There  are  indications  of  interest  and  activity  in  the  matter  of  investi- 
gation on  the  part  of  the  members  of  the  section  and  others,  but  as  yet 
little  work  has  been  carried  far  enough  to  allow  final  results  to  emerge. 
The  last  few  years  have  seen  great  activity  in  the  investigation  of  admin- 
istrative problems  and  of  the  fundamental  school  activities  such  as  reading, 
writing,  and  number  work,  but  the  high  school  departments  arc  as  yet 
largely  untouched.  This  is  not  strange  in  view  of  the  complicated  nature 
of  the  problems  involved  and  the  almost  total  lack  of  an  established 
technique.  These  difficulties  are  precisely  those  of  any  new  line  of  in- 
vestigation and  will  yield  to  persistent  attack. 

Your  committee  recommends,  for  the  following  year,  that  the  section 
place  itself  in  position  to  cooperate  in  the  suggestions  made  in  general 
sessions  by  the  committee  appointed  by  the  whole  Association.  Your  com- 
mittee also  believes  that  the  time  is  opportune  for  this  section  to  take  up, 
as  a  section,  an  investigation  of  some  sort  within  its  own  field.  The  prob- 
lem should  be  such  as  to  call  for  the  collection  and  study  of  data  by  each 
member  of  the  section  in  order  that  all  may  have  some  experience  in  this 
type  of  work.    We,  therefore,  propose  that  a  committee  be  appointed  for 
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ihe  next  year  whose  duty  it  shall  be  to  conduct  an  investigation  into  the 
present  state  of  biology  teaching  in  the  secondary  schools  of  the  territory 
covered  by  this  Association,  or  into  such  other  subject  as  shall  seem  best 
to  them. 

Mr.  Eikenberry  in  presenting  the  report  said  that  the  propaganda 
stage  is  now  past  and  time  for  action  arrived.  Everything  is  ready  for 
examination.  The  curriculum  is  in  a  state  of  fluidity.  We  should  know 
what  we  want,  why  we  want  it,  and  what  we  can  do  with  it. 

Mr.  Conrad  suggested  that  commercial  interests  seem  to  be  dictating 
what  shall  be  done  in  the  schools — dollars  vs.  men  and  women  the  trend. 
The  curriculum  should  be  framed  and  education  guided  by  educators  of 
high  ideals.  Mr.  Conrad  moved  and  it  was  seconded  and  carried  that  a 
new  committee  be  appointed  to  set  such  definite  problems  as  shall  help 
in  the  solution  of  he  problem  of  content  for  the  science  course.  Mr. 
Eikenberry  was  appointed  by  the  chair  as  chairman  of  such  a  committee 
with  instructions  to  choose  the  other  members  of  his  committee. 

The  round  table  discussion  followed.  One  of  the  first  questions  dis- 
.cussed  was  suggested  by  Mr.  Warner,  who  wished  to  know  whether  any- 
one had  really  replaced  the  type  study  by  the  topic  method.  Mr.  Whitney 
replied  by  saying  that  he  emphasized  type  study  rather  than  type  animal, 
using  the  animal  to  illustrate  a  principle.  The  objection  that  the  type 
method  lacks  a  suitable  text-book  was  urged.  This  was  met  by  suggesting 
that  large  portions  of  many  of  the  recent  books  are  easily  adjustable  to 
the  topic  method. 

Collections  of  insects,  seeds,  shells,  and  life  histories  were  suggested  as 
material  for  arousing  interest. 

The  relative  amount  of  time  spent  on  vertebrates  and  invertebrates  was 
discussed.  Twenty-two  weeks  to  invertebrates  and  sixteen  to  vertebrates 
seemed  to  be  the  usual  time  allowed. 

The  problem  of  dissection  next  came  up — some  indicating  dissection  of 
several  vertebrate  forms  as  fish,  sparrow,  rat,  and  cat.  Most  thought  little 
dissecting  desirable  and  urged  work  with  the  live  forms  instead.  Domes- 
tic animals  were  urged  as  worthy  attention. 

Mr.  Eikenberry  was  next  asked  for  a  report  on  his  experiments 
on  the  development  of  inference  from  observation.  He  reported  too 
much  variation  in  results  for  the  results  to  be  regarded  as  significant  as 

yet. 

Suggestions  were  next  called  for  by  Mr.  Eikenberry  as  to  desira- 
ble material  for  scientific  investigation.  The  following  suggestions  were 
made: 

1.  Is  the  present  biological  teaching  such  that  the  results  are  evident 
in  later  college  work? 

2.  What  is  the  actual  state  of  biological  teaching?  Let  ten  submit 
papers  and  let  these  be  graded  by  several  with  a  comparison  of  results. 

3.  Let  student  interest  be  determined  by  offering  two  sets  of  questions 
on  a  single  type,  say  clam,  one  formed  from  scientific  viewpoint,  and  the 
other  from  the  economic— the  student  free  to  choose  either. 

The  above  informal  discussion  closed  the  Saturday  morning  session  and 
the  meeting  adjourned. 

Faith  McAuley.  Secretary. 


m 


Digitized  by  LjOOQIC 


246  SCHOOL  SCIBNCB  AND  MATHEMATICS 

IOWA  ASSOCIATION  OF  MATHEliATIOS  TEAOHEBS. 

The  Iowa  Association  of  Mathematics  Teachers  held  its  meeting  in 
Room  25  of  the  West  High  School  in  Des  Moines  on  November  9,  1911,  in 
connection  with  the  State  Teachers'  Association. 

The  meeting  was  called  to  order  at  2:30  p.  M.  by  Professor  Ira  S. 
Condit  of  Cedar  Falls,  President  of  the  Association.  The  minutes  of  the 
previous  meeting  and  the  treasurer's  report  were  read  and  approved. 
President  Condit  stated  three  subjects  for  consideration: 

1.  Time  of  Meeting. 

2.  Appointing  of  committee  to  investigate  work  in  state. 

3.  Committee  on  nominations. 

Upon  suggestion,  before  these  subjects  were  taken  up,  the  matter  of 
inviting  the  Central  Association  of  Mathematics  Teachers  to  hold  its  an- 
nual meeting  of  1912  in  Des  Moines,  was  discussed.  The  vote  to  extend 
the  invitation  was  passed. 

After  some  discussion,  it  was  decided:  1.  To  fix  the  time  of  meeting 
upon  Thursday  of  the  week  of  meeting  of  the  Iowa  State  Teachers  As- 
sociation. 2.  To  leave  the  app  inting  of  the  committee  on  investigation 
of  work  in  the  state  to  the  president  for  the  coming  year.  3.  To  appoint 
Mr.  W.  Lee  Jordan  of  Des  Moines,  Miss  Hansen  of  Cedar  Falls,  and  Mr. 
Ballard  of  Allerton  as  committee  on  nominations. 

The  Association  then  proceeded  with  its  program.  The  Report  of  the 
Committee  on  Abridging  and  Enriching  the  Course  in  Mathematics  in 
Iowa  public  schools  was  submitted  by  Mr.  F.  M.  Hammitt  of  Ottumwa, 
chairman  of  the  committee.  It  was  based  upon  answers  received  to  ques- 
tions sent  out  to  county  and  city  superintendents,  and  teachers  of  mathe- 
matics. These  questions  dealt  with  quantity,  quality,  efficiency,  and  pur- 
pose of  work  done  in  rural  schools,  grade  schools,  grammar  schools,  and 
high  schools  of  Iowa. 

The  report  was  a  clear  setting  forth  of  these  conditions,  and  will  form 
an  excellent  basis  for  the  work  of  the  committee  appointed  to  continue 
the  work  during  the  coming  year,  and  to  formulate  a  plan  for  correlating 
the  work  in  mathematics  in  our  high  schools. 

Superintendent  Greenwood  of  Kansas  City  gave  an  address  upon  "A 
Sensible  Method  of  Teaching  Arithmetic."  It  was  an  elaboration  of  some 
fundamental  principles  in  the  theory  and  practice  of  teaching  arithmetic, 
such  as:  Kinds  of  number  concepts,  symbols  of  numbers,  sense  of  num- 
ber developed  through  objects,  continuity,  two- fold  purpose,  wise  choice 
of  process,  no  loss  of  time,  wise  choice  of  illustration,  constructive  draw- 
ing to  scale,  use  of  oral  work,  and  avoidance  of  "method"  in  teaching 
problems. 

A  very  free  discussion  of  matter  presented  in  this  discussion  followed, 
and  many  helpful  suggestions  were  made. 

It  was  further  decided  to  appoint  a  committee  to  report  at  next  meet- 
ing recommendations  to  the  State  Board  concerning  the  elimination  of  un- 
practical subjects  from  examinations  in  mathematics. 

The  nominating  committee  then  made  its  report,  which  was  adopted  as 
follows : 

President,  Professor  L.  F.  Neff,  Drake  University,  Des  Moines. 

Vice-President,  Professor  C.  S.  Cory,  Iowa  State  Teachers  College, 
Cedar  Falls. 

Secretary,  Harriet  Solomon,  Keokuk  High  School,  Keokuk. 

Upon  motion  the  meeting  adjourned. 

Habriet  Soix)mon^  Secretary, 
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S0X7THEBN  OALIFOBNIA  SOIEKOE  AND  MATHEICATIOS 
AS800IATION. 

The  annual  meeting  of  this  association  was  held  at  the  Polytechnic  high 
tfchool,  Los  Angeles,  Wednesday,  December  20,  1911.  The  general 
morning  session  was  held  in  the  auditorium,  the  chief  address  being 
given  by  Dr.  J.  A.  Scherer,  president  of  Throop  Polytechnic  Institute,  on 
"The  Civil  Engineer." 

Following  this  the  general  business  meeting  was  held,  when  committees 
presented  the  results  of  their  work  with  recommendations.  The  election 
of  officers  resulted  as  follows :  President,  G.  C.  Bush,  South  Pasadena  city 
schools;  Vice-President,  H.  C.  Van  Buskirk,  Throop  Polytechnic  Insti- 
tute, Pasadena,  Cal.;  Secretary-Treasurer,  A.  A.  Hummel,  Los  Angeles 
State  Normal' School. 

After  luncheon  the  science  men  assembled  in  Room  242  of  the  Institute, 
where  the  following  program  was  carried  out:  Address  (illustrated) — 
^*The  Work  of  the  Venice  Marine  Biological  Station  of  the  University 
of  Southern  California,"  Professor  Charles  L.  Edwards,  University  of 
Southern  California.  Address — ^"Climatic  Variation  in  California,"  Pro- 
fessor J.  F.  Chamberlain,  Los  Angeles  .State  Normal. 

The  mathematics  folk  assembled  in  Robm  212  and  listened  to  the  follow- 
ing: Paper — ^"Computations,"  Professor  H.  C.  Van  Buskirk,  Throop 
Polytechnic  Institute.  Paper — ^**The  Essentials  of  Mathematics,"  Pro- 
fessor E.  H.  Barker,  Los  Angeles  Polytechnic  high  school. 

After  these  papers  were  read  these  officers  were  elected  for  the  ensuing 
year:  Chairman,  Frank  Van  Vliet,  Long  Beach  high  school,  Vice-Chair- 
man, W.  W.  Keyes,  Holl3rwood  high  school,  Secretary,  Miss  Amina 
McNaughton,  Pasadena  high  school. 

The  entire  meeting  was  excellent  and  well  attended.  All  who  were 
present  were  well  repaid.  C.  H.  S. 

THE  A8SO0IATION  OF  MATHEMATIOAL  TEAOHERS  IN  NEW 

ENGLAND. 

The  ninth  annual  meeting  of  this  association  was  held  in  Huntington 
Hall  Massachusetts  Institute  of  Technology,  on  December  9,  1911,  at 
2  p.  M. 

The  meeting  was  called  to  order  by  the  President,  Mr.  Galbraith,  and 
the  first  business  was  the  report  of  the  committee  on  nominations,  which 
was  as  follows: 

The  committee  appointed  to  nominate  officers  for  the  ensuing  year  re- 
spectfully submits  the  following  report:  For  president,  Archibald  V. 
Galbraith;  vice-president,  George  D.  Olds;  treasurer,  Fred  W.  Gentle- 
man; councillors  (three  years),  Ernest  G.  Hapgood,  Frederick  S.  Woods. 

It  was  moved  and  seconded  that  the  list  of  officers  be  declared  elected, 
as  offered  by  the  committee.  The  motion  was  carried,  and  the  officers 
were  declared  elected. 

The  retiring  treasurer,  Mr.  Morse,  read  the  financial  report  for  the 
year  1911  as  follows: 

Annuai,  Report  op  thb  Treasurer, 
receipts. 

Cash  on  hand  December  1,  1911 $283.72 

Received  for  dues  149.00 

Received  for  Schooi«  Science  and  Mathematics 48.00 

Received  from  dinner  fund  6.50 

Received  from  sale  of  locus  pamphlet  .40 

Total    $487.62 
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BXPBNDITURES. 

Stamps  $2.00 

Printing    50.70 

Expenses  of  secretary  20.45 

Rebate  to  Connecticut  Association  4.00 

Clerical  help    2.40 

Dinner   fund    7.75. 

Subscriptions  to  School  Science  and  Mathematics  48.00' 

Expenses  of  Boston  meeting  (1910)   19.00' 

Expenses  of  Worcester  meeting  (1911)   10.95 

Expenses  of  Boston  meeting  (1911)   . .  .*. 5.00 

Express    50 

Expenses  of  nominating  committee 50 

Total    $171.25 

Balance  on  hand  December  1,  1911  $316.37 

The  report  was  accepted,  and  a  vote  of  thanks  was  extended  to  the 
retiring  treasurer. 

A  motion  was  made  and  seconded  that  a  standing  committee  be  ap- 
pointed by  the  president  on  recent  mathematical  literature.  The  motion 
was  carried. 

The  secretary  read  the  resolutions  of  the  committee  of  the  American 
Federation  of  Teachers  of  the  Mathematical  and  Natural  Sciences,  on 
college  entrance  requirements  in  mathematics  and  science.  The  matter 
was  laid  on  the  table. 

A  motion  was  made  and  carried  that  the  delegate  to  the  federation  be 
constituted  a  committee  to  confer  with  the  committee  of  the  Association 
of  Teachers  of  Mathematics  in  the  Middle  States  and  Maryland  on  the 
question  of  forming  a  "general  association  which  should  include,  or  rather 
absorb  existing  local  associations  of  mathematical  teachers  in  the  East" 

At  the  close  of  the  business  meeting,  those  present  listened  to  two 
papers;  one  on  "The  Conduct  of  the  Class  Room  Exercise,"  by  Professor 
(^orge  D.  Olds,  dean  of  Amherst  College,  and  one  on  "Le  Moine's  G^- 
om^trographie"  by  Professor  Julian  L.  Coolidge  of  Harvard  University. 

Professor  Coolidge  gave  an  account  supplemented  by  blackboard  draw- 
ings of  Le  Moine's  method  of  analyzing  geometric  constructions.  By 
means  of  this  analysis  a  comparison  was  made  of  the  labor  involved  in 
various  constructions  of  the  same  problem,  and  the  comparative  accuracy 
of  each  was  also  taken  into  account. 

PHTSIOS  0LX7B  OF  NEW  YORK. 

The  sixty-fourth  regular  meeting  of  this  club  was  held  in  the  physics 
lecture  room  of  Pratt  Institute  Saturday,  December  9. 

The  early  part  of  the  day  was  devoted  to  an  inspection  of  the  well- 
equipped  laboratories,  this  was  followed  by  the  regular  business  meeting, 
after  which  the  following  list  of  papers  were  read: 

"Needs  and  Limitations  of  Laboratory  Work  in  Mechanics,"  Miss 
Alice  H.  Bruere,  Wadleigh  High  School. 

"How  to  Make  Mechanics  Real,"  Mr.  J.  M.  Jameson,  Pratt  Institute. 

"Real  Problems  in  Accelerated  Motion,"  Mr.  Frank  B.  Spaulding,  Boys*^ 
High  School. 

"Teaching  of  Motion  and  Energy,"  Mr.  R.  H.  Cornish,  Wadleigh  High 
School. 


Digitized  by  LjOOQIC 


NEW  YORK  STATE  SCIENCE  TEACHERS 


249 


The  New  York  State  Science  Teachers'  Meeting— "What  May  Be 
Done  to  Improve  Our  Laboratory  Work,"  Mr.  J.  A.  Randall,  Pratt  In- 
stitute. 

"The  Quick  Comprehension  of  Machinery,"  Dr.  John  F.  Woodhull 
Teachers  College.  • 

"The  Physics  of  Geysers,"  illustrated.  Professor  William  Hallock. 
Columbia  University. 

Luncheon  was  served  at  the  Institute  Club.  This  was  one  of  the  most 
interesting  and  helpful  meetings  which  the  club  has  ever  held.  Not  only 
were  the  papers  valuable,  but  not  the  least  valuable  was  the  coming  to- 
gether of  persons  engaged  in  the  same  line  of  work,  "brushing"  against 
each  other,  talking  "shop"  and  getting  inspiration  from  fellow  teachers, 
which  is  worth  while  to  possess  and  which  cannot  be  obtained  in  any 
other  way.  C.  H.  S. 

NEW  TOBK  STATE  80IEN0E  TEAOHEBS'  ASSOOIATXON. 

The  sixteenth  annual  meeting  of  the  New  York  State  Science  Teachers' 
Association  was  held  at  Albany,  with  the  State  Teachers'  Association  at 
Thanksgiving  time.  This  time  was  chosen  as  an  experiment,  with  the 
hope  that  the  school  authorities  through  the  state  would  be  willing  to 
allow  the  science  teachers  their  time  for  the  two  days.  In  point  of  at- 
tendance, the  experiment  would  hardly  be  called  successful;  yet,  al- 
though the  number  of  teachers  from  any  distance  was  small,  those  who 
were  fortunate  enough  to  be  present  will  remember  the  papers  and  dis- 
cussions with  pleasure. 

Tuesday  morning,  the  general  session  was  called  to  order  by  Presi- 
dent L.  S.  Hawkins  of  the  Cortland  Normal  School.  Following  a  few 
brief  announcements,  the  various  section  meetings  were  held. 

Before  the  teachers  of  physics  and  chemistry,  H.  S.  Miner,  chief  chem- 
ist of  the  Welsbach  Light  Company,  gave  an  extremely  interesting  talk 
on  the  history,  development,  and  manufacture  of  gas  mantles.  Besides 
an  instructive  collection  of  lantern  slides,  he  exhibited  a  number  of  gas 
mantles  of  slightly  different  composition,  showing  that  the  mantle  treated 
with  about  one  per  cent  of  ceria  gives  the  highest  candle  power. 

Chairman  of  the  section,  H.  A.  Carpenter,  spoke  briefly  about  a  class 
in  physics  for  girls.  He  emphasized  the  subject  of  heat  and  outlined  several 
experiments  in  radiation,  leading  to  the  determination  of  the  best  insu- 
lating materials  for  fireless  cookers.  Some  discussion  followed,  which 
brought  out  the  fact  that  the  physics  teachers  are  deeply  interested  in 
the  movement  for  experiments  for  the  girls  different  from  those  for  the 
boys. 

In  the  biology  section,  the  first  paper  by  F.  W.  Hartwell  presented 
some  of  the  problems  in  biology  which  confront  the  city  teachers  espe- 
cially. The  idea  was  repeated  several  time  in  the  discussion,  that  the 
subject  should  be  made  a  study  of  living  things  rather  than  dead  things. 
Snakes,  frogs,  turtles,  fish,  beetles,  etc.,  can  be  easily  kept  in  the  labora- 
tory and  constantly  furnish  material  for  interest. 

G.  A.  Bailey  gave  a  short  talk  on  the  use  of  the  lantern  in  biology 
teaching.  He  emphasized  the  following  uses:  To  show  (a)  rare  speci- 
mens; (b)  small  fruits  and  flowers  that  need  to  be  magnified;  (c)  differ- 
ent stages  in  the  development  of  flowers,  etc.;  (d)  td  be  used  in  review 
when  specimens  cannot  be  obtained;  (e)  in  taking  up  a  new  subject,  the 
different  points  can  be  explained  to  the  whole  class  at  one  time;  (f)  to 
show  animals  in  their  natural  environment. 
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The  section  in  agriculture  held  an  enthusiastic  meeting,  addressed  by 
F.  W.  Howe  and  Miss  Elizabeth  F.  Genung. 

Tuesday  afternoon  the  Association  greatly  enjoyed  a  visit  to  the  im- 
mense plant  of  the  General  Electric  Company  at  Schenectady. 

Wednesday  morning  a  general  'session  was  held,  addressed  by  Professor 
C.  P.  Steinmetz  of  Union  College  on  the  subject,  "School  Science  and 
Industry."  He  showed  the  relation  between  the  school  and  community 
and  criticised  each  for  its  apparent  lack  of  interest  in  the  other.  This 
was  followed  by  an  address  by  Professor  C.  F.  Hodge  of  Clark  Univer- 
sity on  the  subject,  "Civic  Biology."  He  told  of  the  many  problems  in 
sanitation,  in  cleanliness,  in  ridding  a  community  of  pests,  such  as  flies 
and  mosquitoes,  etc.,  that  could  be  better  solved  through  the  influence  of 
the  schoolroom  than  elsewhere. 

One  of  the  most  important  matters  of  business  that  came  before  the 
Association  was  the  report  of  the  committee  on  the  preparation  of  new 
experiments  in  physics.  Chairman  J.  A.  Randall  of  Pratt  Institute  re- 
ported that  the  committee  had  prepared  several  experiments  in  mechanics 
and  had  had  the  apparatus  made  by  one  of  the  large  Eastern  apparatus 
manufacturers  and  brought  to  the  meeting  as  an  exhibit.  These  experi- 
ments are  to  be  performed  with  apparatus  that  is  large  enough  to  command 
the  respect  of  the  pupils  and  are  practical  applications  of  some  of  the  im- 
portant laws  of  physics,  such  as  the  parallelogram  of  forces  as  applied  to 
the  crane,  roof  truss,  etc. 

The  work  of  the  committee  has  only  begun  as  the  entire  list  of  ex- 
periments will  include  all  of  the  main  topics  of  the  subject  as  usually 
taught.  As  the  work  goes  on,  the  committee  hopes  to  be  able  to  publish 
blue  prints  of  the  apparatus  so  that  it  can  be  made  by  any  teacher  hav- 
ing a  little  mechanical  skill;  and  also  mimeographed  sheets  of  directions 
to  accompany  the  apparatus  showing  its  use.  These  will  probably  be 
sent  to  all  members  of  the  Association  who  are  teaching  physics.  The 
character  of  the  work  of  the  committee  is  shown  in  the  type  of  experi- 
ments described  in  Mr.  Jameson's  article  on  page  195  of  this  Journal. 

The  committee  on  chemistry  experiments.  Chairman  Professor  J.  F. 
Woodhull  of  Teachers'  College  did  not  report  at  the  meeting,  but  it  was 
understood  that  it  had  not  been  idle,  and  under  the  leadership  of  the 
committee  on  physics  would  be  ready  to  report  at  the  next  meeting.  A 
committee  on  physics  experiments,  especially  for  girls,  was  voted  to  work 
in  conjunction  with  the  other  two  committees.  These  three  committees 
will  be  ready  to  give  full  and  detailed  reports  at  the  next  meeting  of  the 
Association  and  will  form  the  nucleus  of  a  meeting  that  ought  to  be 
full  of  interest  for  all  science  teachers.  The  next  meeting  will  probably 
be  held  ajt  Syracuse  at  Christmas  time  as  formerly. 

The  following  officers  were  elected:  President,  Ernest  Reveley  Smith, 
North  High  School,  Syracuse;  Vice-President,  Guy  A.  Bailey,  Genesco 
Normal  School;  Secretary-Treasurer,  Bryan  O.  Burgin,  Albany  High 
School. 

Ernest  R.  Smith. 


KEPOET  OF  THE  ANNUAL  MEETING  OF  THE  AMERIOAN  FED- 
ERATION OF  TEACHERS  OF  THE  MATHEMATIOAL 
AND  THE  NATURAL   SCIENCES. 

The  American  Federation  of  Teachers  of  the  Mathematical  and  the  Nat- 
ural Sciences  held  its  annual  meeting  at  the  New  Willard  Hotel  in  Wash- 
ington on  December  27. 
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The  Associations  composing  the  Federation  reported  concerning  their 
activities  during  the  past  year,  and  the  reports  of  committees  were  con- 
sidered as  follows: 

Action  on  the  recommendations  in  the  report  of  the  Committee  on  Col- 
lege Entrance  Requirements  was  postponed  for  one  year,  with  the  under- 
standing that  the  various  associations  were  to  take  action  on  it  in  the 
meantime,  and  were  to  report  their  decisions  to  the  Federation. 

The  National  Geometry  Committee  report  was  approved  as  a  report 
of  progress.  The  chairman,  Dr.  Slaught,  reported  that  a  preliminary  report 
would  soon  be  distributed  to  all  members  of  the  Federation  who  were 
engaged  in  mathematics  teaching,  as  well  as  to  such  other  teachers  as 
were  interested.  An  edition  of  5,000  copies  will  be  published,  the  expense 
being  borne  by  the  National  Educational  Association. 

The  amendments  reorganizing  the  Council  by  limiting  the  representa- 
tion of  each  association  to  one  member  were  adopted,  as  follows: 

Section  5.  Each  association  shall  have  one  delegate  on  the  Federation 
Council,  this  delegate  to  cast  one  vote  for  every  fifty  members  of  the  as- 
sociation he  represents,  but  to  have  at  least  one  vote.  The  delegate  may 
be  chosen  in  any  way  decided  upon  by  his  association,  shall  hold  office 
for  three  years,  or  until  the  appointment  of  his  successor,  and  shall  be 
eligible  for  reelection.  In  case  of  a  vacancy  by  death  or  resignation, 
the  association  in  question  must  at  once  appoint  a  successor. 

Section  7.  The  duty  of  a  delegate  shall  be  to  keep  the  secretary  of  the 
Federation  informed  as  to  the  activities  of  his  association,  and  to  repre- 
sent the  interests  of  his  association  at  every  meeting  of  the  Council.  If 
for  any  reason  he  cannot  attend  a  meeting,  he  shall  be  responsible  for 
being  represented  by  a  properly  accredited  proxy. 

The  associations  have  been  asked  to  appoint  these  representatives  at 
once,  and  it  is  hoped  that  the  new  Council  will  soon  be  in  full  working 
order. 

The  treasurer  reports  as  follows: 

Expenditures.  Receipts. 

Stationery  and  stamps  $8.50      Balance  from  1910  $85.60 

Printing  and  mailing  70.52  Dues  from  12  associations . .   179.20 

National  Geometry  Com.   ..  100.00  

$264.80 

$179.02 

Balance    85.78 


$264.80 


One  association — The  Association  of  Biology  Teachers  of  New  York — 
has  resigned  from  the  Federation,  and  two  associations  with  an  approxi- 
mate membership  of  150  have  not  yet  paid  their  dues  for  the  year, 
A  committee  of  teachers  of  physics: 
J.  A.  Randall,  Pratt  Institute,  Brooklyn,  Chairman. 
W.  R.  Pyle,  Morris  High  School,   New  York  City. 
W.  A.  Hedrick,  McKinley  Manual  Training  School,  Washington,  D.  C. 
G.  A.  Works,  Madison,  Wis. 
P.  B.  Woodworth,  Lewis  Institute,  Chicago, 
has  been  appointed  "to  coordinate  new  apparatus  and  new  teaching  con- 
tent with  the  present  secondary  school  physics  course." 

Mr.  Randall  is  chairman  of  a  similar  committee  of  the  New  York 
State  Science  Teachers'  Association,  and  committees  to  cooperate  in  this 
work  have  already  been  appointed  by  the  Physics  Club  of  New  York  and 
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the  New  Jersey  State  Science  Teachers'  Association.  It  is  hoped  that 
the  National  Educational  Association  will  decide,  at  next  summer's  meet- 
ing, to  be  a  partner  in  this  undertaking,  as  it  has  been  in  the  work  of  the 
National  Geometry  Committee. 

The  plan  of  work  for  the  committee  is  to  have  each  member  act  as 
chairman  of  a  local  committee,  which  shall  investigate  conditions  in  its 
territory,  collecting  data  as  to  new  apparatus  and  improvements  in  courses 
to  be  submitted  to  the  general  committee,  and  giving  to  the  instrument 
makers  plans  for  whatever  apparatus  seems  worth  while.  The  general 
committee  will  probably  form  a  new  definition  of  the  "Physics  Unit"  to 
correspond  with  what  they  find  to  be  the  most  improved  usage  in  the 
subject,  and  will  perfect  machinery  by  which  every  physics  teacher  in 
the  country  can  secure  the  most  improved  forms  of  equipment. 

On  Thursday  morning,  at  a  joint  session  with  Section  L  of  the  A.  A.  A. 
S.,  the  members  of  the  Council  listened  to  addresses  by  Professor  C.  W. 
Moore  of  Harvard,  Professor  A.  L.  Jones  of  Columbia,  and  Dean  J.  R. 
Angell  of  Chicago  University  on  the  new  systems  of  admission  to  these 
colleges. 

Eugene  R.  Smith,  Secretary, 
Polytechnic  Preparatory  School,  Brooklyn. 


ABTIOLES  IN  OUBBENT  PEBI0DI0AL8. 

American  Forestry  for  January:  "The  National  Aspect  of  Swamp 
Drainage,"  M.  O.  Leighton,  three  illustrations;  "Some  Notes  on  German  • 
Forestry,"  Warren  H.  Miller,  three  illustrations;  "Department  of  For- 
estry, University  of  Maine,"  John  M.  Briscoe;  "The  Prairie  Dog  Must 
Go,''  Robert  E.  Clark,  four  illustrations;  "Irrigation  in  Turkestan,^  A.  P. 
Davis,  four  illustrations;  "The  Adirondack  Problem,"  Gifford  Pinchot. 

Catholic  Educational  Review  for  January:  "The  Sisters'  College," 
Thomas  Edward  Shields;  "Education  of  the  Laity  in  the  Middle  Ages," 
Patrick  J.  McCormick;  "School  Life  and  Work  in  the  Immig^ration 
Period,"  James  A.  Bums;  "A  Tripartite  Aid  to  Religious  Education," 
Brother  Julian;  "From  Ethical  Culture  to  the  Borders  of  Rome,"  Pat- 
rick Cummins ;  "Intellectual  Qualities  of  the  Religious  Educator,"  Brother 
Constantius;  "The  Seminary  and  Education,"  Edward  A.  Pace. 

Condor  for  November- December :  "Another  Fortnight  on  the  Faral- 
lones"  (with  seven  photos),  William  L.  Dawson;  "Some  Robins'  and 
Mourning  Doves'  Nests  in  the  Lower  Yakima  Valley,  Washington"  (with 
two  illustrations),  Clarence  H.  Kennedy;  "Nesting  Notes  on  the  Ducks 
of  the  Barr  Lake  Region,  Colorado.  Part  11"  (with  ten  photos),  Robert 
B.  Rockwell;  "The  Relation  of  Birds  to  an  Insect  Outbreak  in  Northern 
California  during  the  Spring  and  Summer  of  1911"  (with  four  photos). 
Harold  C.  Bryant;  "Further  Notes  from  Santa  Cruz  Island,"  Alfred  B. 
Howell  and  A.  van  Rossem. 

Educational  Psychology  for  January:  "The  Class  Experiment  in  Psy- 
chology with  Advertisements  as  Materials,"  Robert  M.  Yerkes;  "Mental 
Fatigue  in  Day  School  Children  as  Measured  by  Immediate  Memory. 
Part  I,"  W.  H.  Winch ;  ''Problems  in  the  Experimental  Pedagogy  of  Ele- 
mentary Agriculture,"  Garland  A.  Bricker. 

Education  for  January:  "Recent  Changes  in  the  Rules  of  the  New 
England  College  Entrance  Certificate  Board,"  Frank  W.  Nicolson;  "Rea- 
sons for  Modifying  Entrance  Requirements,"  Charles  H.  Judd;  "Plan  for 
College  Admission  Proposed  by  the  National  Education  Association," 
Clarence  D.  Kingsley;  "Culture,  the  Ideal  of  the  College,"  Francis  G. 
Allinson;  "The  College  Curriculum  as  a  Preparation  for  Vocation." 
Clarence  F.  Birdseye. 
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Photo-Era  for  Tanuary:  "The  Eighth  American  Photographic  Salon," 
Helen  J.  Niles;  Notes  on  the  Use  of  Actinometer- Exposure-Meters," 
Malcolm  D.  Miller,  M.D.;  "The  Autochrome  in  Winter,"  Alfred  H.  Lewis; 
"Helping  Defective  Shadows,"  James  Thomson;  "Photography  in  Win- 
ter," Rupert  Bridge ;  "Judging  Exposures  by  the  Eye,"  Photography. 

Physical  Review  for  December :  "The  Optical  Constants  of  Alloys  as  a 
Function  of  Composition,"  J.  T.  Littleton,  Jr.;  "The  Acoustic  Shadow 
of  a  Rigid  Sphere,  with  Certain  Applications  in  Architectural  Acoustics 
and  Audition,'  G.  W.  Stewart;  "Artificial  Rotatory  Polarization,"  Arthur 
W.  Ewell;  "The  Measurement  of  the  Frictional  Force  Exerted  on  a 
Sphere  by  a  Viscous  Fluid,  when  the  Center  of  the  Sphere  Performs 
small  Periodic  Oscillations  along  a  Straight  Line,"  George  F.  McEwen; 
"Entladungsstrahlen  at  Atmospheric  Pressure  and  at  Diminished  Pres- 
sures," Elizabeth  R.  Laird;  "Note  on  Electrically  Produced  Water  Rip- 
ples," Frederic  Palmer,  Jr.;  "The  Thermoelectric  Behavior  of  Heusler 
Alloys  in  a  Magnetic  Field,"  L.  O.  Grondahl  and  S.  Karrer;  "Certain 
Characteristics  of  Light- Negative  Selenium,"  Lilah  B.  Crum;  "Refractive 
Index  of  Metals,"  P.  A.  Ross. 

Popular  Science  Monthly  for  January :  "The  Mechanistic  Conception  of 
Life,"  Dr.  Jacques  Loeb;  "Science  among  the  Chinese,"  Dr.  C.  K.  Ed- 
munds; "Notes  on  Norwegian  Industry,"  James  Lewis  Howe;  "The 
Duties  to  the  Public  of  Research  Institutes  in  Pure  Science,"  William  E. 
Ritter;  "Small  Colleges,"  John  J.  Stevenson;  "The  Problem  of  City  Milk 
Supplies,"  Dr.  P.  G.  Heineman;  "Collecting  on  a  Coral  Reef,"  Vernon  L. 
Kellogg;  "The  Origin  and  Control  of  Mental  Defectiveness,"  Dr.  Chas. 
B.  Davenport;  "The  Paris  Academy  of  Sciences,"  Dr.  Edward  F.  Wil- 
liams. 

Psychological  Clinic  for  December :  "The  Binet-Simon  Scale  for  Meas- 
uring Intelligence;  Impressions  Gained  by  Its  Application,"  Lewis  M. 
Terman,  Ph.D.,  Stanford  University,  California;  "A  Study  of  the  Binet 
Definition  Tests,"  Isabel  Lawrence,  State  Normal  School,  St.  Cloud, 
Minn.;  "A  Practical  Guide  for  the  Administration  of  the  Binet-Simon 
Scale  for  Measuring  Intelligence,"  J.  E.  Wallace  Wallin,  Ph.D..  Stanton, 
Iowa. 

School  World  for  January:  "Teachers*  Views  of  Examiners'  Reports 
on  Local  Examinations:  IV.  Geography,"  A.  H.  Harries,  B.A. ;  "V. 
Mathematics.  (1)  General  Principles,"  R.  Wyke  Bayliss;  "VI.  Modem 
Languages,"  Walter  Rippmann;  "Secondary  Education  in  London;" 
^'Teachers'  Reference  Libraries ;"  "Salaries  in  English  Secondary  Schools ;" 
"The  Teaching  of  Elementary  Formal  Geometry,"  William  P.  Milne; 
"Oxford  University  Local  Examinations.  Set  Subjects  for  1913;"  "The 
Position  and  Value  of  School  Examinations." 

Scientific  American  for  December  23:  "Sir  Joseph  John  Thomson." 
P.  Phillips;  "Artificial  Silk— A  Textile  Marvel,"  H.  W.  Ambruster;  "De- 
struction of  the  'Maine'  by  a  Low-Explosive  Mine  and  Her  Own  Maga- 
zines," illustrated. 

Scientific  American  Supplement  for  December  23:  "The  Psychology  of 
Light,"  R.  S.  Woodworth ;  "The  Sewer  System  of  Havana,"  C.  C.  Scherer. 

Zeitschrift  fUr  den  Physikalischen  und  Chemischen  Unterricht  for  No- 
vember: "Ueber  wichtigere  Resonanz-Erscheinungen  und  deren  experi- 
mentelle  Vorfiihrung,"  R.  Hartman  Keinpf ;  "Mefseinrichtung  fiir  Gleich- 
und'  Wechselstrome,"  H.  Rudolph;  "Thermoelektrische  Versuche."  J. 
Weib ;  "Uber  die  Pole  gerader  Drahtmagneten,"  Fr.  C.  G.  Muller ;  "Chem- 
ische  Versuche  mit  einer  neuen  Form  von  Probierglasem,"  O.  Ohmann. 
Kleine  Mitteilungen :  "Die  Stellung  der  Mondsichel  zum  Horizont."  H. 
Meyer;  "Ein  Experiment  iiber  den  Luftdruck,"  H.  J.  Oosting;  "Zum  Ar- 
chimedischen  Prinzipe,"  E.  Griinfeld ;  "Die  Messung  der  Zug-  und  Druck- 
komponente  auf  der  schiefen  Ebene,"  K.  Kriise;  "H.  Rudolph,  Schwin- 
gungen  an  einer  Einfadengluhlampe— W.  Wolkmann,  Kleine  Verbesser- 
ungen  an  Schieberwiderstanden,"  Fiir  die  Praxis.  Berichte :  1.  Apparate 
und  Versuche:  "Zur  Demonstration  der  Gesetze  der  Wellenfortpflazung," 
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G.  Rossi;  "Ein  Modell  zur  Erlauterung  der  Relativititstheorie,"  E.  Cohn. 
Zeitschrift  fur  Mathematischen  und  Naturwissenschaftlichen  Unter- 
richt  for  December:  "Ueber  die  Verschmelzung  verschiedener  Zweige  des 
mathematischen  Unterrichts/'  Rudolf  Schimmack;  "Eine  einfache  Losung 
und  Ableitung  der  Losung  der  kubischen  Gleichung,"  Prof.  Milarch ;  "Der 
Ellipsenreif,"  Dr.  Otto  Richter;  "Zur  Geometrographie,  Auflosungen, 
Aufgaben." 

Unterrichtsbldtter  fur  Mathematik  und  Natururissenschaften,  No.  8: 
"In  welcher  Beziehung  kann  der  biologische  Unterricht  fordernd  auf  die 
gesamtc  Geistesbildung  der  Schiiler  wirken?"  Prof.  Dr.  Hock;  "Ueber 
Ortsgedachtnis  bei  Fischen  und  seine  Bedeutung  fiir  Wanderungen  der 
Fische,"  Dr.  V.  Franz;  "Die  Behandlung  des  Taylorschen  Satzes  in  der 
Schule,"  G.  Lony. 


BOOKS  BECEIVED. 


Microscopy  and  the  Microscopical  Examination  of  Drug^s.  By  Charles 
E.  Gabel.  117  pages.  14x21  cm.  Cloth.  1912.  The  Kenyon  Company, 
Des  Moines,  la. 

Annual  Report  of  the  Smithsonian  Institution  for  year  ending  June  30, 
1910.    688  pages.    15x24  cm.    Cloth.    Government  Printing  Office. 

The  Iliad  of  Homer.  Edited  by  Charles  E.  Rhodes,  Lafayette  High 
School,  Buffalo.  Pp.  xxix+642.  11x15  cm.  Cloth.  1911.  25  cents,  net. 
The  Macmillan  Company,  New  York. 

Plant  Life  and  Evolution.  By  Douglas  H.  Campbell,  Leland  Stanford 
University.  360— iv  pages.  13x19  cm.  Cloth.  1911.  $1.60  net.  Henry 
Holt  and  Company,  New  York. 

Transactions  of  the  Illinois  Academy  of  Science.    172  pages.    16x24  cm.  ^ 
Paper.    1911.    Published  by  the  State. 


BOOK  REVIEWS. 


The  Evolution  of  Plants,  by  D,  H.  Scott.  Pp.  256.  12^x18  cm.  1911. 
Henry  Holt  &  Co.,  New  York. 

This  book  is  an  account  of  the  evolution  of  the  higher  plants  based 
almost  wholly  on  the  fossil  evidences.  Paleobotany  has  been  almost  com- 
pletely neglected  by  the  schools  with  the  result  that  very  little  is  known 
about  it  either  among  high  school  teachers  or  students  of  botany.  The 
little  that  has  been  done  came  largely  from  the  laboratories  of  the  geolo- 
gists. Naturally,  the  state  of  knowledge  regarding  fossil  plants  left  much 
to  be  desired  from  the  botanical  standpoint  It  is  only  within  a  compara- 
tively few  years  that  the  study  of  the  morphology  of  the  fossil  plants 
has  been  placed  upon  a  plane  where  comparison  with  studies  of  existing 
forms  is  possible.  We  are  now  in  possession  of  even  the  details  of  cell 
structure  in  the  most  delicate  parts  of  many  fossil  plants,  and  this  knowl- 
edge regarding  actual  steps  in  past  evolution  is  a  decided  corrective  to 
our  theories  of  descent. 

Scott  is  himself  an  authority  in  this  field  and  has  in  the  present  book 
attempted  to  bring  this  new  knowledge  to  the  average  botanist  and  the 
lay  reader.  He  has  succeeded  admirably.  It  may  be  imagined  that  the 
man  who  is  not  a  botanist  and  not  familiar  with  the  morphology  of  recent 
seed-plants  might  not  find  the  book  particularly  inviting,  but  anyone  who 
has  mastered  the  amount  of  morphology  represented  by  any  good  high 
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school  text  in  botany  will  be  able  to  read  the  book  with  profit  and  interest. 
The  high  school  teacher  ought  to  be  familiar  with  just  such  knowledge 
as  is  here  set  forth,  not  for  purposes  of  histruction  to  pupils,  but  to  give 
him  better  perspective  and  background. 

An  interesting  argument,  admittedly  without  positive  evidence  in  the 
fossil  record,  is  that  which  seeks  to  show  a  possible  derivation  of  the 
Pteridophytes  from  the  Algae  direct,  the  Byrophytes  being  wholly  elim- 
inated from  the  main  line  of  descent.  The  moss  sporophyte  is  considered 
to  be  merely  a  fructification. 

It  is  not  likely  that  the  ecologists  will  agree  with  the  author's  assign- 
ment of  causes  for  evolutionary  changes.  For  instance,  it  is  not  wholly 
clear  that  the  reduction  of  the  gametophyte  generation  in  ferns  took 
place  because  '*the  land  plant  had  to  make  the  most  of  its  land-phase  and 
to  economize  on  the  less  adaptable,  water  bound  prothallus."  Similar 
illustrations  of  the  interpretation  of  structure  as  a  response  to  the  ne- 
cessities of  the  plant  abound.  W.  L.  £. 
New  Manual  of  Botany  of  the  Central  Rocky  Mountains,  by  John  M. 
Coulter,  revised  by  Aven  Nelson,  8vo.,  pp.  646.  Cloth  $2.50.  Flex- 
ible leather,  $3.00.  American  Book  Co. 
The  recent  appearance  of  this  important  manual  upon  thin  paper  and 
in  flexible  leather,  forming  a  volume  5x7^  inches  and  scarcely  an  inch 
thick,  may  be  the  excuse  for  a  rather  belated  notice  of  an  important 
addition  to  botanical  literature.  All  scientists  studying  the  vegetation  in- 
cluded within  the  area  covered  by  the  manual,  namely,  the  Rocky  Moun- 
tain region  from  Montana  and  southern  Idaho  to  New  Mexico  and  north- 
em  Arizona  together  with  a  few  isolated  localities  like  the  Black  Hills  of 
South  Dakota,  will  welcome  the  revision  of  Coulter's  well-known  work 
upon  the  flora  of  this  region.  The  book  has  been  not  only  revised  but 
entirely  rewritten  and  rearranged.  It  is  now  up  to  date  in  following  the 
Englar  sequence  of  families  and  the  nomenclature  of  the  Vienna  con- 
gress, and  in  the  use  of  the  metric  system  of  measurements,  but  at  the 
same  time  conservative  in  its  treatment  of  new  genera  and  species.  An 
improved  analsrtical  key  of  the  usual  type  is  supplemented  by  numerous 
additional  subordinate  keys  for  the  species  of  the  larger  genera,  making 
it  easier  to  determine  the  identity  of  any  plant.  While  this  feature  will 
recommend  it  to  the  amateur,  the  specialist  will  be  pleased  to  find  in- 
cluded the  place  and  date  of  publication  of  each  species  and  a  very  com- 
prehensive list  of  synonyms,  and  yet  so  concisely  has  the  descriptive  work 
been  done  that  2,733  different  species  are  included  within  the  compact 
volume.  The  field  worker  will  find  the  new  tourist  edition  an  ideal  book 
for  a  pocket  companion.  It  differs  from  the  style  of  the  new  Gray's  Man- 
ual principally  in  having  no  illustrations,  but  shows  the  same  care  in 
printing  and  binding,  making  it  a  decided  acquisition  for  the  further  de- 
velopment of  a  botanical  region  in  which  there  has  been  much  advance 
of  knowledge  during  the  decades  since  the  manual  appeared  in  its  orig- 
inal form.  Geo.  D.  F. 
An  Illustrated  Guide  to  the  Flowering  Plants  of  the  Middle  Atlantic  and 
New  England  States,  by  George  T.  Stevens.  749  Pp.  14x22  cm.  1911. 
Dodd,  Mead  &  Co. 
This  book  reminds  one  in  both  subject  matter  and  general  make-up  of 
Gray's  Lessons  and  Manual.  The  first  fifty-four  pages  are  taken  up  by  a 
discussion  of  "structural  botany,"  dealing  with  the  names  of  the  parts  of 
flowering  plants  and  the  terminology  commonly  used  in  describing  such 
plants.  Some  650  pages  are  occupied  by  the  flora  with  its  keys.  The 
nomenclature  and  arrangement  seem  to  agree  with  the  seventh  edition  of 
Gray's  Manual. 
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The  descriptions  strike  one  as  being  rather  less  specific  in  many  cases 
than  might  be  desired;  yet  until  one  has  had  opportunity  to  try  it  out 
well  in  the  field  it  would  be  rash  to  express  an  opinion  regarding  either 
the  descriptions  or  the  artificial  keys.  The  unique  feature  among  the  less 
extensive  manuals  is  the  matter  of  illustrations,  of  which  there  are  some 
1,800.  No  attempt  is  made  to  illustrate  every  species  but  both  in  the  keys 
and  in  connection  with  the  descriptions,  line  drawings  are  added  wherever 
they  seem  needed.  While  some  of  these,  due  to  small  size  or  poor  repro- 
duction, scarcely  represent  the  point  indicated,  yet  the  idea  is  a  good  one. 
Young  pupils  and  people  untrained  in  botany  are  much  helped  by  just 
such  aids. 

The  book  does  not  intend  to  compete  with  Gray's  Manual.  It  is  in- 
tended for  popular  use  only  and  will  doubtless  have  considerable  popu- 
larity within  the  region  covered  on  account  of  greater  ease  of  use.  How- 
ever, no  one  whose  purposes  are  at  all  serious  will  be  deterred  by  the 
slight  difficulties  of  the  other  manuals. 

Grasses  and  sedges  are  not  included.     The  volume  is  bulky — about  5 

cm.   in  thickness — and  neither  binding  nor  press  work  are  particularly 

pleasing.  '  W.  L.  E. 

Experimental  Physics,  by  C.  H.  Smith.  IV.  E.  Tower,  and  C.  Af.  Turton. 

Pp.  xxv+324.    13x19  cm.    Cloth,  75  cents.    1911.    Ginn  &  Co.,  Boston. 

To  provide  an  up-to-date  manual  of  experiments  that  accords  with  the 
present  point  of  view  regarding  laboratory  work  in  physics  is  the  aim  of 
this  new  manual.  It  is  in  reality  a  new  manual  although  it  appears  as  a 
revision  of  the  "Manual  of  Experimental  Physics,"  by  Nichols,  Smith,  and 
Turton.  The  book  has  been  almost  entirely  rewritten  and  the  new  book 
contains  a  large  number  of  new  experiments. 

Throughout  the  book  references  are  made  to  the  following  texts: 
Adams,  Carhart  and  Chute,  Crew  and  Jones,  Gorton,  Linebarger,  Millikan 
and  Gale,  and  Mann  and  Twiss.  The  manual  is  well  adapted  for  use 
with  any  of  these  texts. 

A  special  feature  of  the  book  and  one  in  which  it  excels  all  other 
manuals  is  its  wealth  of  material.  It  would  require  at  least  a  year  and 
a  half,  possibly  two  years,  for  a  class  to  work  all  the  experiments.  This 
is  intentional  on  the  part  of  the  authors.  The  teacher,  having  so  large 
a  list  to  choose  from,  can  select  the  experiments  that  are  adapted  to  the 
needs  of  his  class  and  to  his  equipment.  If  he  continues  the  work  for  a 
third  semester,  as  is  done  in  the  Chicago  high  schools,  he  can  continue 
to  use  the  same  manual.  But  the  wealth  of  material  consists  not  alone 
in  the  number  of  experiments.  I  know  of  no  other  manual  that  contains 
so  complete  a  list  of  tables  of  reference.  There  are  eighty-eight  of  these 
tables. 

I  have  found  in  two  months'  use  of  this  manual  that  the  instructions 
for  performing  the  experiments  are  clear  and  explicit  and  readily  under- 
stood by  the  pupil.  I  find  the  questions  at  the  end  of  each  experiment  to 
be  of  special  value,  requiring  the  pupil  to  apply  in  a  practical  way  the 
principle  learned  in  the  experiment. 

Practical  applications  are  emphasized  throughout  the  book  and  a  num- 
ber of  experiments  of  a  purely  practical  character  are  included,  such  as 
testing  the  power  of  a  motor. 

The  requirements  of  the  College  Entrance  Examination  Board  have 
been  kept  in  mind  by  the  authors  and  the  book  contains  all  the  material 
needed  to  meet  these  requirements. 

The  book  is  sufficiently  accurate  in  its  methods  to  satisfy  the  most  ex- 
acting teacher  and  sufficient  emphasis  is  placed  on  applications  of  prin- 
ciples to  satisfy  the  most  ardent  supporters  of  the  "new  movement." 

E.  E  B. 
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The  Teaching  of  High  School  Mathematics  by  George  W.  Evans,  Head- 
master  of  Charlestown  High  School.  Pp.  x-|-94.  12x18  cm.  1911. 
Price  35  cents.    Houghton,  Mifflin  Company,  Boston. 

The  success  of  efforts  to  improve  the  subject-matter  and  the  methods 
of  mathematics  teaching  depends  upon  the  teacher.  He  must  under- 
stand the  reasons  for  the  present  widespread  attempt  to  make  mathe- 
matics of  greater  value  and  efficiency  in  preparing  pupils  for  his  work  in 
life  in  order  to  make  him  a  better  worker  and  a  better  citizen.  This  book 
will  help  the  teacher  to  a  clearer  view  of  the  situation,  and  offers  many 
helpful  suggestions  in  regard  to  the  use  of  material  and  method. 

The  titles  of  the  chapters  are  as  follows : 

The  Modem  Point  of  View;  The  Order  of  Topics;  Equations  and 
their  Uses;  Some  Rules  "of  Thumb;  Geometry  as  Algebraic  Material; 
The  Graphical  Method;  The  Bases  of  Proof  in  Geometry;  The  Method  of 
Limits;  Simpson's  Rule  and  the  Curve  of  Sections;  The  Teacher. 

When  the  Graph  began  to  appear  in  high  school  mathematics  some 
ten  years  ago,  it  was  used  almost  entirely  to  represent  equations.  But 
so  many  more  important  uses  have  been  found  for  graphical  methods 
that  it  seems  far  better  to  introduce  graphs  early  in  first-year  algebra  and 
let  the  pupils  gain  a  knowledge  of  them  by  using  them  in  representing 
tables  of  values  and  in  solving  problems. 

The  chapter  on  Computations  with  Numbers  obtained  by  measurement  is 
of  especial  importance  for  high-school  pupils.  H.  £.  C. 

Agricultural  Instruction  in  the  Public  High  Schools  of  the  United  States, 
by  Clarence  Hall  Robison.    Pp.  viii+205.    15j4x22^  cm.,  1911,  Teach- 
ers College,  New  York. 
A  study  of  the  present  status  of  agricultural  instruction  in  the  field 
indicated.    The  only  broad  study  of  the  facts  of  the  situation  which  has 
yet   been   published,   and   at   the   present   time   the   principal    source   of 
information  on  this  live  question.    Its  scope  is  best  indicated  by  the  chap- 
ter titles  which  are  as  follows: 
I.    Agricultural  Education, 
n.    The  Public  High  School. 

ni.    Some  Typical  High  Schools  Teaching  Agriculture. 
IV.    Administration,  Equipment  and  Methods. 
V.    Preparation  and  Salaries  of  Teachers  of  Agriculture  in  the  High 

Schools. 
VI.    Special  Secondary  Schools  of  Agriculture. 

VII.  Problems  of  Agricultural  Instruction  in  the  Secondary  School. 
These  chapters  are  occupied  almost  wholly  by  presentation  of  the 
results  of  extended  investigations  made  by  the  author.  The  data  secured 
are  expressed  in  very  definite  form  and  when  possible  are  tabulated  so 
that  it  is  easy  for  the  reader  to  get  at  the  facts.  The  author's  opinions 
and  prejudices  are  very  carefully  eliminated.  The  facts  arc  presented  as 
found  and  the  reader  is  left  to  draw  his  own  conclusion. 

Dr.  Robison  does  not  argue  either  for  or  against  the  development  of 
agricultural  instruction  of  secondary  grade  and  has  no  pet  methods  of 
instruction  or  types  of  courses  to  suggest.  The  literature  of  the  subject 
is  already  burdened  with  elaborate  but  untried  schemes  for  reorganizing 
the  whole  system  of  edrcation  on  an  agricultural  basis  and  it  is  a  relief 
to  find  a  presentation  of  the  matter  from  which  one  can  learn  just  what 
is  actually  being  accomplished  and  the  direction  of  the  strongest  tenden- 
cies. 

Agricultural  education,  as  a  protest  against  the  formalism  of  high  school 
science,  is  of  interest  to  every  science  teacher.    In  many  cases  the  agri- 
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culture  as  taught  at  present  is  in  fact  but  another  kind  of  botany  which 
appears  to  the  people  to  be  more  vital.  "There  can  be  no  doubt  that  this 
spreading  tendency  noticeable  in  small  high  schools  is  a  protest  against 
the  formalism  into  which  botany,  in  common  with  physics,  has  fallen.  The 
botanists  have  only  themselves  to  blame  for  the  widespread  substitution 
of  a  body  of  knowledge,  poorly  digested  as  yet,  for  a  wholesome  and 
scholarly  kind  of  science  work,  because  the  influence  of  these  leaders  has 
been  so  largely  for  the  'pure  science'  botany  and  so  little  for  the  kind 
that  touches  the  life  of  the  pupil  and  the  interests  of  the  community." 
To  the  teacher  who  wishes  to  measure  this  new  competitor,  or  better  yet, 
to  the  one  who  wishes  to  improve  his  own  work  in  accordance  with  the 
real  needs  of  the  times,  this  book  is  invaluable. 

The  value  of  the  book  is  greatly  enhanced  by  the  addition  of  a  sum- 
mary of  legislation  on  agricultural  education,  a  bibliography  of  the  late 
literature,  and  a  good  index.  W.  L.  £. 

Brief  Course  in  Analytic  Geometry,  by  J.  H,  Tanner,  Cornell  University, 
and  Joseph  Allen,  College  of  the  City  of  New  York.  Pp.  x+306.  12x 
18  cm.    1911.    American  Book  Company. 

By  omitting  details  of  little  importance  the  authors  present  a  course  in 
analytic  geometry  which  can  be  covered  satisfactorily  in  twelve  weeks.  It 
affords  an  excellent  preparati'^n  for  work  in  practical  calculus,  and  at  the 
same  time  gives  the  training  de  irable  for  the  general  student. 

The  chapter  on  the  locus  and  the  equation  presents  clearly  the  fimda- 
mental  problems  of  analytic  geometry;  and  as  in  the  other  chapters  the 
large  number  of  numerical  problems  gives  the  student  the  opportunity  of 
really  understanding  the  principles  and  methods  of  this  branch  of  mathe- 
matics. 

The  authors  do  well  to  hold  to  the  older  methods  of  deriving  the  equa- 
tions of  the  conic  sections,  but  there  are  many  excellent  reasons  for  the 
use  of  the  methods  of  calculus  in  finding  the  equations  of  tangents.  The 
chapters  on  solid  analytic  geometry  in  a  brief  treatment  give  all  that  is 
necessary  for  use  in  finding  surfaces  and  volumes  in  calculus. 

H.  E.  C. 
Beginnings  in  Agriculture,  by  Albert  Russell  Mann,  Cornell  University. 
Pp.  341,  figures  178.     Published  by  the  Macmillan  Company.     1911. 
75  cents,  net. 

This  is  one  of  the  few  text-books  in  agriculture  that  is  designed  espe- 
cially for  use  in  the  grades.  It  is  intended  for  use  in  the  seventh  and 
eighth  grades,  though  the  possibility  of  its  use  in  small  high  schools  is 
suggested.  The  content  of  the  book  is  founded  primarily  upon  the 
"Report  of  the  Committee  on  Industrial  Education  in  Schools  and  Rural 
Communities,"  a  committee  which  reported  to  the  National  Educational 
Association.  The  author  further  states  that  he  has  tried  to  "cover  the 
work  very  largely  in  a  nature  study  spirit,  by  which  is  meant  that  the 
pupil  shall  be  brought  into  as  close  touch  as  possible  with  actual  farms, 
soils,  crops,  animals,  and  affairs." 

The  book  deals  with  the  affairs  of  agriculture,  the  soil,  farm  crops  and 
farm  animals,  with  several  chapters  given  to  each  topic.  The  detail 
topics  are  essentially  the  same  as  those  presented  in  the  majority  of 
agricultural  text-books,  and  therefore  need  not  be  repeated  in  a  review. 
Distinctive  features  of  the  book  are  found  in  the  method  of  presentation. 
It  is  simple  in  style,  in  the  main  with  brief  staccato  sentences,  with  a  vo- 
cabulary that  is  much  more  simple  than  that  usually  found  in  such  books. 
New  topics  are  approached  in  a  way  that  should  stimulate  pupils  to  want 
to  find  out  about  them.  Chapters  close  with  lists  of  practical  problems 
that  should  make  the  work  seem  quite  real  to  the  pupils. 
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The  idea  that  certain  structures  are  given  to  plants  in  order  that  cer- 
tain functions  may  be  performed— a  purpose  for  everything— is  all  too 
prevalent.  For  example,  "The  burdock  and  stick-tight  are  given  little 
coiled  arms  to  clutch  the  fur  or  hair  of  a  passing  animal  and  ride  away 
to  a  new  home."  "The  tumbleweed  excels  many  others  in  cleverness." 
"The  touch-me-not  provides  itself  with  a  spring  which  *  *  *  throws 
the  seeds  far  away  from  the  parent."  Also  mooted  questions  are  ignored 
regarding  the  nature  of  the  plant  food  in  the  soil,  and  this  may  be  proper 
in  a  strictly  elementary  presentation.  O.  W.  C. 

Introductory  Algebra,  by  John  H.  Walsh,  Associate  Superintendent  of 
Schools,  the  City  of  New  York. '  Pp.  ix+214.  13x19  cm.  1911.  D.  C 
Heath  &  Co. 

To  quote  the  entire  preface  would  give  an  adequate  review  of  this 
book,  and  would  set  forth  in  plain  and  convincing  terms  the  reasons  for 
studying  algebra,  and  the  reasons  for  studying  the  kind  of  algebra  pre- 
sented by  the  author. 

The  emphasis  on  equations  throughout,  the  large  number  of  simple 
sight  and  written  exercises,  the  omission  of  complicated  forms  and  ex- 
pressions, the  maximum  of  practice  with  the  minimum  of  theory,  all  tend 
to  give  the  greatest  practical  value  of  the  study  of  algebra  to  the  pupils 
who  do  not  continue  their  mathematical  studies. 

If  this  statement  of  a  recent  writer  is  true:  "A  pupil  who  is  confronted 
in  his  first  year  of  high  school  with  Latin,  ancient  history,  and  algebra  has 
a  grievance  against  our  civilization,"  then  quite  a  portion  of  one  third 
of  this  grievance  would  be  eliminated  by  the  use  of  this  text-book.  It  is 
unfortunate  that  the  book  makes  no  use  of  graphical  methods. 

H.  E.  C 

A  Text-Book  of  Physics,  by  Louis  B.  Spinney,  Iowa  State  College,  xi+ 
605.  15x22  cm.  Cloth.  1911.  $2.75,  net.  The  Macmillan  Company, 
New  York. 
This  is  a  splendid  book  written  primarily  for  use  in  schools  where 
technical  courses  are  offered.  From  this  viewpoint  the  author  has  laid 
particular  stress  on  the  practical  aspect  of  the  subject.  Familiar  phenom- 
ena are  made  use  of  in  illustrating  important  physical  laws.  The  topic 
of  mechanics  is  discussed  to  considerable  length  from  its  fundamental 
importance  in  giving  to  the  student  a  clearer  understanding  of  the  entire 
subject  of  physics.  Since  the  book  is  to  be  used  as  a  basis  for  class  room 
work  and  supplemented  by  lectures  and  laboratory  work,  many  descriptions 
and  illustrations  have  for  this  reason  been  omitted.  To  understand  the 
book  thoroughly  the  student  must  have  a  good  working  knowledge  of 
algebra,  geometry,  and  trigonometry.  All  illustrations  are,  however,  made 
as  simple  as  possible.  The  subject-matter  is  treated  in  the  old  conven- 
tional order,  mechanics  coming  first  followed  in  order  by  heat,  electricity, 
and  magnetism,  sound  and  light.  Nearly  every  one  of  the  forty-seven 
chapters  closes  with  an  excellent  list  of  practical  problems.  Practically 
all  of  the  384  splendid  cuts  are  made  from  original  drawings,  this  gives 
the  book  a  tone  distinctively  its  own.  It  is  written  in  a  magnificent  style, 
clear,  understandable,  and  to  the  point  where  especial  emphasis  is  to  be 
brought  out  the  word  or  sentence  is  printed  in  bold  face  type,  a  better 
plan  than  italicised  type,  a  very  complete  index  is  given.  An  inspection  of 
the  book  shows  that  it  has  been  written  by  a  master  of  the  subject. 
J^echanically  the  book  represents  the  highest  type  of  workmanship. 

C.  H.  S. 
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ORDERING 

^ 

SPENCER  MICROSCOPES 

J^ 

You   have   opportunity  of  selecting  from  the 
largest,  most  comprehensive  and  complete  line 
of  microscopes    made    by   any  manufacturer. 

^k 

^  Q     DISTINCT 
lO    TYPES 

U^^ 

THEY  EXCEL  IN 

Mrt^^^ 

I.  OPTICAL  SUPERIORITY. 

II.  MECHANICAL  PERFECTION. 

III.  EMBODIMENT  OF  IMPROVEMENTS 
and  features  of  practical  usability,  features  which 
make  for  convenience  and  comfort  in  use  and 
which  mark  them  as  best  adapted  to  their  purpose. 

j^ 

Catalog  smni  on  rmqumat 

No.  66B  Microscope           1 

SPENCER  LENS  CO.,  sc^^ 

BUFFALO,  N.  Y. 


16  mm.  and  4  mm.  objedivM.  dooUe 
one  eyepiece*  ira  diaghmtm. 


DISCOUNT  TO  SCHOOLS 


THE 
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School  World 

A  MntUy  MaguiM  •£  Uacatioul  Werk 


Price  6d  BOBtUy    Teariy  Volnict  7/6  m  Mdi 


THE  aim  of  "The  School  WorU  "  » 
to  provide  teachers  with  informatioa 
ci  piactical  and  pefmaneot  value.  To 
tlw  end  all  ioiportant  chanoes  and  de- 
velopnenti  atfecting  any  branch  of  educa- 
tioQ  are  dealt  with  by  leading  educational 
authoritie*  and  experienced  teacheri. 
4  Each  iMtte  contains  Eishty  Columns 
of  Reading  Matter. 

4  The  magarine  is  imfispensable  to  aD 
educatiooal  worltenwho  desire  to  keep  m 
touch  with  modem  methods  of  education. 


LONDON 

MACMILLAN  AND  CO.,  Limited 

NEW  YORK:  THE  MACMILLAN  COMPANY 


I 
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UBORATORY  IHIEOSTATS 


"G-R'*  Uhoralory  Rheostat 

Every  schooHaboratory  rrquires  rheostats. 
Are  you  properly  equit^ped  in  this  linef 

"G-R"  RHEOSTATS 

are  ipecially  drugned  for  laboratory  use.  They  are 
made  in  asreat  many  sires  and  are  inrxpensive.  We 
have  supplied  them  for  a  number  of  yean  with  great 
tatisfactioD.  Lrt  us  know  your  needs  and  we  will  sub- 
mit an  interesting  offer.  We  can  also  supply  carbon 
compression  rheostats,  and  all  forms  of  resistance  boxes, 
the  inexpensive  kind  as  well  as  precision  apparatus. 

Write  for  illustrated  Bulletin  720 
of  G'R  Rheostats 

JAMES  G.  BIDDLE 

Electrical  and  Scientific  InatramenU 
1211.13  Arch  St.  PHILADELPHLA 
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SCIENCE  AND  MATHEMATICS  SOCIETIES. 

Under  this  heading  are  published  in  the  February,  June,  and  October 
issues  of  this  journal  the  name  and  officers  of  such  societies  as  furnish  us 
this  information.  We  ask  members  to  keep  us  informed  as  to  any  change 
in  the  officiaiy  of  their  society.  Names  are  dropped  when  they  become  a  year 
old. 
American  Association  for  the  Advancement  of  SaENCE. 

President,  Dr.  Edward  C.  Pickering,  director  of  the  Harvard  Astro- 
nomical Observatory;  Vice-Presidents,  Section  A — E.  B.  Van  Vleck,  Uni- 
versity of  Wisconsin;  Section  B — Arthur  Gordon  Webster,  Clark  Uni- 
versity; Section  C — W.  Lash  Miller,  Toronto;  Section  D — J.  A.  Holmes, 
Washington,  D.  C. ;  Section  E — ^James  E.  Todd,  University  of  Kansas; 
Section  F — William  A.  Locy,  Northwestern  University;  Section  G — D.  S. 
Johnson,  Johns  Hopkins  University ;  Section  H — J.  Walter  Fewkcs,  Wash- 
ington, D.  C;  Section  I — John  Hays  Hammond,  New  York;  Section  K — 
J.  J.  McCleod,  Cleveland,  Ohio;  Section  L— J.  McKeen  Cattell,  Columbia 
University ;  Secretaries  of  Sections :  Section  B — W.  J.  Humphreys,  Mount 
Weather,  Va.;  Section  E — Geo.  F.  Kay,  University  of  Iowa;  Section  K — 
Waldemar  Koch,  Chicago  University;  General  Secretary,  H.  E.  Summers, 
Iowa  State  College;  Secretary  of  the  Council,  H.  W.  Springsteen,  West- 
em  Reserve  University. 
American  AssoaATioN  of  Economic  Entomologists. 

President,  W.  D.  Hunter,  Dallas,  Texas ;  Vice-Presidents,  T.  J.  Headlee, 
Manhattan,  Kan.;  R.  A.  Cooley,  Bozeman,  Mont;  Secretary,  A.  F.  Bur- 
gess, Melrose  Highlands,  Mass. 

AMERICAN  Federation  of  Teachers  of  the  Mathematical  and  Natural 
Sciences. 

Executive  Committee:  Chairman^  C.  R.  Mann,  University  of  Chicago; 
Secretary,  Eugene  R.  Smith,  Polytechnic  Preparatory  School,  Brooklyn; 
Ira  M.  De  Long,  Boulder.  Colorado;  Wilhelm  Segerblom,  Phillips  E2xeter 
Academy,  Exter,  N.  H.;  I.  N.  Mitchell,  State  Normal  School,  Milwaukee. 
American  Mathematical  Society. 

President,  Professor  H.  B.  Fine,  Princeton  University;  Vice-Presidents, 
H.  F.  Blichfeldt  and  Henry  Taber;  Secretary,  F.  N.  Cole;  Treasurer,  J. 
H.  Tanner;  Librarian,  D.  E.  Smith;   Committee  of  Publication,  F.  N. 
Cole,  E.  W.  Brown  and  Virgil  Snyder. 
American  Nature-Study  Society. 

President,  B.  M.  Davis,  Miami  University,  Oxford,  O. ;   Viee-PreMcnts, 
Stanley  Coulter,  F.  L.  Stevens,  Gilbert  H.  Traftou,  and  F.  L.  Holta . 
American  Paleontological  Society. 

President,   David   White,   Washington,   D.   C;    Vice-President,   J.   C. 
Merriam,  Berkeley,  Cal. ;  Secretary,  R.  S.  Bassler,  Washington,  D.  C; 
Treasurer,  Richard  S.  Lull,  New  Haven,  Conn.;  Editor,  Charles  R.  East- 
man. Cambridge,  Mass. 
American  Physiological  Society. 

President,  S.  J.  Meltzer,  New  York;  Secretary,  A.  J.  Carlson,  Chicago; 
Treasurer,  W.  B.  Cannon,  Boston;  Members  of  the  Council,  J.  Erlanger, 
St.  Louis,  and  F.  S.  Lee,  New  York. 
American  Society  of  Biochemists. 

President,  Dr.  Archibald  B.  Macallum,  University  of  Toronto;  Secre- 
tary, Dr.  A.  N.  Richards,  University  of  Pennsylvania ;  Treasurer,  Dr.  Wal- 
ter Jones,  Johns  Hopkins  University ;  Councilors,  Drs.  L.  B.  Mendel,  Yale, 
and  H.  Gideon  Wells,  University  of  Chicago. 
American  Society  of  Naturalists. 

President,  Professor  E.  G.  Conklin,  Princeton  University;  Vice-Presi- 
dent, Professor  R.  G.  Harrison,  Yale  University;  Secretary,  Professor  A. 
L.   Treadwell,   Vassar  College;    Treasurer,   Professor   W.   E.   Kellicott, 
Ooucher  College. 
Association  of  Ohio  Teachers  of  Mathematics  and  Science. 

Pretident,  William  P.  Holt,  Central  High  School,  Toledo;  Vice-Pretideni, 
Ralph  W.  Buck,  Stivers  Manual  Training  School,  Dayton ;  Seoretaru-Treat' 
urer,  Miss  Harriet  B.  Glazier,  Western  College  for  Women,  Oxford;  As- 
Mitani  Secretary,  R.  O.  Austin,  School  of  Commerce,  Columbus. 
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Successful  Text  Books 

Young  and  Jackson's  Algebras 
Gorton's  High  School  Course  in  Phi^sics 

ARE   YOU   FAMILIAR   WITH  THESE  BOOKS? 

CORRESPONDENCE   FROM   TEACHERS   INVITED 


^ 


PUBLISHED     BY 

D.  APPLETON  AND  COMPANY 

New  York  =  Chicago 


n 
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Teachers  College  Mathematical  Publications 

TEACHING  OF  ARITHMETIC 

By  Projessor  David  Eugene  Smith,  LL.  Z>. 

Reprint  of  Vol.  x.  No.   1,  of  the  Teachers  College  Record,  January,  1909.      120  pages. 

Price,  cloth  bound,  75  cents;  paper  bound,  30  cents. 

ARITHMETICAL  ABILITIES  AND  SOME  FACTORS 
DETERMINING  THEM 

By  Cliff  Winfield  Stone,  Ph.  D. 

Published  as  No.  19  of  the  Teachers  College  Contributions  to  Education,  June,   1908, 

Cloth  bound,  101  pages.     Price,  §1.00  postpaid. 

A  HISTORY  OF  SIXTEENTH  CENTURY  ARITHMETIC 

By  Lambert  L,  Jackson,  Ph,  D. 

Published  as  No.  8  of  the  Teachers  College  Contributions  to  Education,  1906.      Cloth 

bound,  261  pages.     Price,  $2.00  postpaid, 

HISTORY  OF  TEACHING  OF  ELEMENTARY  GEOMETRY 

By  Alva  Walker  Stamper,  Ph.  D. 
Published  as  No.  23  of  the  Teachers  College  Contributions  to  Education,  1909.    Cloth 
bound,  163  pages.     Price,  Si. 50  postpaid.     Paper,  $1.15. 

Address  all  orders  and  requests  Jor  circulars  to 

Bureau  of  Publications 

Teachers  College,    -      -    Columbia  University 
525  West  120th  Street        -         -        -         New  York  City 
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Association  of  Mathematics  in  New  Enci^and. 

President,  Archibald  V.  Galbraith;  Vice-President,  George  D.  Olds; 
Treasurer,  Fred  W.  Gentleman;  Councillors,  Emest  G.  Hapgood,  Fred- 
erick S.  Woods. 

Association  of  Teachers  of  Mathematics  for  the  Middle  States  and 
Maryland. 

President,  I.  J.  Schwatt,  University  of  Pennsylvania;   Vice-President, 
A.  E.  King,  Erasmus  Hall  High  School,  Brooklyn;  Secretary,  H.  F.  Hart, 
Montclair    High  School,  Montclair,  N.  J.;  Treasurer,  Susan  C.  Lodge, 
Philadelphia  Collegiate  Institute,  Philadelphia. 
Botanical  Society  of  America. 

President,  L.  R.  Jones,  University  of  Wisconsin;  Vice-President,  B.  M. 
Duggar,  Cornell  University;  Secretary,  G.  T.  Moore,  Washington  Univer- 
sity; Councilor,  Wm.  Trelease,  Missouri  Botanical  Garden. 
Central  Association  of  Science  and  Mathematics  Teachers. 

Executive  Committee — President,  Herbert  E.  Cobb.  Lewis  Institute, 
Chicago,  111.;  Secretary-Treasurer,  C.  E.  Spicer,  Joliet  Township  High 
School,  100  Sherman  Street,  Joliet,  111.;  Assistant  Secretary-Treasurer, 
F.  C.  Donecker,  Crane  Technical  High  School,  Chicago,  111.;  Biology— 
Chairman,  Fred  W.  Werner,  North  Division  High  School,  Milwaukee. 
Wis.;  Vice-Chairman,  W.  H.  Wright,  McKinley  High  School,  Chicago, 
III.;  Secretary,  J.  R.  Locke,  Streator  Township  High  School,  Streator, 
111.;  Chemistry—C/wfrmaw,  J.  W.  Shepherd,  Chicago  Teachers  College, 
Chicago,  111.;  Vice-Chairman,  Chester  B.  Curtis,  Central  High  School,  St. 
Louis,  Mo.;  Secretary,  Leon  D.  Judd,  Lockport  Township  High  School, 
Lockport,  111.;  Earth  Science — Chairman,  G.  R.  Mansfield,  Northwestern 
University,  Evanston,  111.;  Vice-Chairman,  W.  E.  Durstine,  Technical 
High  School,  Cleveland,  Ohio;  Secretary,  Bertha  Henderson,  State  Nor- 
mal School,  Whitewater,  Wis.;  Mathematics — Chairman,  Ira  S.  Condit, 
Iowa  State  Teachers  College,  Cedar  Falls,  la.;  Vice-Chairman  Chas.  W. 
Newhall,  Shattuck  School,  Faribault,  Minn.;  Secretary,  E.  Marie  Gugle, 
Central  High  School,  Toledo,  Ohio;  Physics — Chairman,  E.  E.  Bums, 
Medill  High  School,  Chicago,  111.;  Vice-Chairman,  William  M.  Butler, 
Yeatman  High  School,  St.  Louis,  Mo.;  Secretary,  E.  P.  Reynolds,  State 
Normal  School,  Platteville,  Wis. 
Colorado  Mathematics  Association. 

President,  Saul  Epsteen,  University  of  Colorado,  Boulder;  Secretary- 
Treasurer^  Grace  E.  Shoe,  North  Side  High  School,  Denver. 

Eastern  Association  of  Physics  Teachers. 

President,  C.  S.  Griswold,  Groton  School,  Groton,  Mass.;  Vice-Presi- 
dent, Fred  H.  Cowan,  Girls*  Latin  School,  Boston,  Mass.;  Secretary,  Al- 
fred M.  Butler,  High  School,  East  Boston,  Mass.;  Treasurer,  Percy  S. 
Brayton,  Medford  High  School,  Medford,  Mass. 
Geological  Society  of  America. 

President,  Herman  L.  Fairchild,  Rochester  University;  Vice-President^, 
I.  C.  White  and  David  White;  Secretary,  Edmund  O.  Hovey;  Treasurer, 
William    B.    Clark;    Editor,    Joseph    Stanley- Brown ;    Librarian,    H.    P. 
Gushing. 
Illinois  State  Academy  of  Science. 

President,   W.   A.   Noyes,   Illinois   State   University,   Urbana,    111.;    Vxce- 
President,  J.  C.  Udden.   Augustana  College.   Rock   Island,    111.;   Secretary, 
Frank  C.  Baker,  The  Chicago  Academy  of  Sciences,  Chicago;  Treasurer,  J. 
C.  Hessler,  James  Millikin  University,  Decatur,  III. 
Indiana  Academy  of  Science. 

President,  Charles  R.  Dryer,  State  Normal  School ;  Vice-President,  David 
W.  Dennis,  Earlham  College;  Secretary,  Andrew  J.  Bigney,  Moores  Hill 
College ;  Assistant  Secretary,  E.  A.  Williamson ;  Press  Secretary,  Milo  H. 
Stuart.  Indianapolis  Manual  Training  School ;  Treasurer,  W.  J.  Moenhans, 
State  University;  Editor,  L.  J.  Rettger,  State  Normal  School. 
Indiana  Association  of  Science  and  Mathematics. 

President,  C.  A.  Vallance,  Indianapolis;  Vice-President,  Rov  Cammina, 
Port  Wayne ;  Secretary-Treasurer,  Henry  F.  A.  Meier,  Evanaville. 
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iHas^ur 

I  WEB5TEI& 

I   New  International 

I  Dictionary -theMerriamWebster? 

=  CONSIDER  bow  much  accurate  information  your 

g  scholars  wiU  gain  by  having  readily  acceaai- 

=  ble  thia  ''Library  in  a  Single  Volume.'"    It  is  a 

=  NEW  CREATION  containing  in  concise  form 

^  just  those  facts  that  you  so  often  seek.     It 

^  answers  with  final  authority  all  kinds  of 

^  questions  in  Language,  History,  Fiction, 

^  Geography,   Biography,   Mythology,  Etc. 

^  You  will  be  surprised  to  know  that  the  type 

^  matter  is  equivalent  to  a  15  volume  en- 

^  cyclopedia. 

S  400.000  WORDS  DEFINED.    2700  PAGES.    6000 

=  ILLUSTRATIONS.   A  striking  feature  is  the 

=  new  divided  page, — a  '\Stroke  of  Genius." 

^  WHY  not  at  once  make  a  requisition  for  the 

^  New  International  —  The  Merriam  Webater? 

^  Direct  that  your  scholars  itse  constantly  the 

=  new  book  to  answer  their  numerous  ques- 

=  tions.    The  result  will  save  much  of  your 

=  time  and  also  stimulate  the  dictionary  Jutbit, 

=  WHITE  for  apeclmen  payees.  lUuBtrationi, 

=  etc.    Mention  this  publloatlon  and  receive 

=  FBEE  a  act  of  pocket  maps. 

1     Q.  &  C.  MERRIAM  COMPANY, 

^  Sprinvf l«ld,  Mass. 
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Columbia  Untorattg 

IN  THE  CITY  OF  NEW  YORK 

Summer  Settioii,  July  S-Angott  17, 1912 

Teachers  College  will  Offer  150  Courses 

by  its  regular  staff,  including : 

History  of  tducaiion,  Paul  Monroe.  W.  H.  ICilpfttnck; 
F*hilo9ophy  of  tducalioo.  Henry  Suzzallo,  E.  N,  Hcn- 
denon;  tLducatJonal  Adminiiiration,  George  D. 
Slrayer.  Frcdericit  E.  Farrington,  Superinlendent  A. 
W.  Eldson;  Educational  pBychoIogy,  Edward  L. 
Thomdike,  Henry  Rugrr,  Slevposon  Smilh,  John  B. 
Walion;  Secondary  Education,  Frederick  E.  Farrina- 
lon,  Romietl  Steveni;  Elementary  Education,  F,  M. 
McMurrv.  Milo  B.  Hiliegas,  Henry  C,  Peanon, 
Principal  J.  F.  Reigart:  Rural  Educalion.  Frederick 
G,  Bonter  and  special  lecturefi;  Kindergarten  Educa- 
tion, Patty  S.  Hill,  Grace  Fulmer;  The  Teaching  of 
Deinenlary  English.  F.  T.  Baker;  Fine  ArU.  A.  W, 
Dow;  The  Teaching  of  Geography,  C.  B.  Kirchwey; 
The  Teaching  of  German,  E.  W.  Bagster- Col  tins; 
The  Teaching  erf  Latin,  W.  H.  D,  Rouse.  Cambridge, 
England:  The  Teaching  of  Mathematict.  W.  E. 
Bteckenridge;  The  Teaching  of  Physical  Science,  R, 
H,  Williams;  The  Teaching  of  Domejlic  Art  and 
Domestic  Science  in  Elementary  Schools,  Mrs.  Gil- 
chrift-?'tronB;  The  Teaching  of  Industrial  Arts  in  Flr- 

m.-,.m:    .u;1   '^■..^v■].v^    -■•.      .\   Fr.     >m    '    C     T    ,.  •■ 

Coarse*  will  also  be  ofTered  In  Riolo|ry,  Munic,  Nature 
StudT,  Physical  Education,  Nutrition  and  Food  Eco 
nomfca,  Foods  and  CoolceiT-.  Houiwhold  and  Phyi<lolo(rieaI 
Chemiatry,  Textiles  and  Clothin«r.  Desicrn  for  the  House- 
hold and  Industrial  Art«,  Hons«>hola  AdniiniHt ration, 
Nuradnff  and  Health,  Mechanical  Drawinfr.  Machine 
Deii^  and  Construction,  Industrial  Mathematics,  Wood- 
working, Metal-working,  Ceramics,  Photography,  and 
the  History  of  Industry. 

Detailad  information  will  bo  aont  upon  request. 


HntttFrsitg  of  IDtBronBin 
SUMMER  SESSION,  1912 

JUNE    24   TO    AUGUST    2 
(LAW,  JUNE  24  TO  AUGUST  30) 

250  counes  m  Graduate  School,  Law  School. 
GJleges  of  Letlen  and  Science.  Ejigineering, 
and  Asriculture.  Spedal  graduate  couriea  in 
Mathematics  and  Phyiks:  Mechanic*.  Aero- 
dynamtcs^yroscopic  Motion.  Modem  Theory  of 
Phyecal  Phenomena,  b  lectricity  and  Magnetitm. 


For  illustrated  bulletin,  address 

Registrar,  UniYersity,  Madison,  Wu. 


SUMMER.   COURSES 

FOR  TEACHERS 

THE  UNIVERSITY  OF  CHICAGO 

THE  SCHOOL  OF  EDUCATION 
Courses  for  elementary  school  teachers 
Courses  for  secondary  school  teachers 
Courses  for  superintendents  and  superrisors 
Courses  for  normal  school  teachers 
Courses  for  college  teachers  of  education 
Some  of  these  eourws  are  advanced  coursei*  leadinp  to 
fCradURte  detrreep;  Home  wi-e  elementary  comTCH  leaillng 
to  certif1cate«  or  bnchelor'n  deirrees.    (W>neral  coursos  in 
Education  (History,  Adniinictration.  Ediic  Pnychology 
and  Method**).    Sporial  coun«e8  in  HlKt^)ry.  Home  Eco- 
nomies, Mathematics,  Geofrraphy,  School  Science.  School 
Library.  Kindei-Rnrten.  Manual  Tralninur,  and  the  Arta 
KefrlKtration  in  the  School  of  Educntion  admits  to  Unl- 
rerslty  courses  in  all  departments.    First  term  1D12.  June 
17,  to  July  24 :  second  term  July  25  to  Augrust  SO.  Circular 
on  request. 

THE   UNIVERSITY  OF  CHICAGO 
Chicaco,  lUinob 
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Iowa  Association  of  Mathematics  Teachers. 

President,  L.  F.  Neff,  Drake  University,  Des  Moines;  Vice-President, 
C.  S.  Cory,  State  Teachers  College,  Cedar  Falls ;  Secretary,  Harriet  Solo- 
mon, Keokuk  High  School. 
Kansas  Association  of  Mathematics  Teachers. 

President,  W.  H.  Andrews,  State  Agricultural  College,  Manhattan ;  Vice- 
President,  Fiske  Allen,  State  Normal,  Emporia;  Secretary-Treasurer, 
Eleanora  Harris,  High  School,  Hutchinson. 

Mathematical  and  Physical  Seohon  of  the  Ontasio  Educational  As- 
sociation. 

Hon.  PreMeni,  J.  A.  Houston,  EMucation  Deimrtment,  Toronto;  Preei- 
dent,  W.  J.  Patterson,  Western  University,  London;  VioC'PreMent,  R. 
Wightman,  Hartford  Coll.  Inst.,  Toronto;  Secreiary-Treaeurer,  A.  M.  Over- 
holt,  Coll.  Inst^fLondon ;  CounciUors,  W.  L.  Sprung,  A  M.  Robertson,  G. 
W.  Keith,  W.  W.  Rutherford,  T.  Kennedy. 
Missouri  Societt  of  Teachers  of  Mathematics  and  Science. 

PreHdenif  J.  S.  Stokes,  Kirksville;  Secretary  and  Treasurer,  L.  D.  Am<>8. 
Columbia;  Mathematice  Divieion — Vice-President,  Charles  Ammerman,  St 
Louis;  Secretarv,  E.  L.  Harrington,  B recken ridge ;  Science  DiviHon — vice- 
president,  W.  C.  Curtis,  ColuQibia;  Secretary,  Noble  L.  Garrison,  Paris; 
Bwecutive  Council — Charles  Ammerman,  B.  C.  Brous,  W.  M.  Butler,  H. 
C.  Drayer,  B.  F.  Finkel,  B.  L.  Harrington,  H.  C.  Harvey,  A.  H.  Hunting- 
ton, S.  B.  Kelsey,  George  H.  Melcher,  F.  N.  Peters,  J.  H.  Scarborough, 
John  W.  Scott,  B.  M.  Stigall,  J.  W.  Withers,  Miss  Anna  Pile;  B.  R.  Hed- 
rick.  Chairman. 
National  E5ducation  Association. 

President,  Carroll  G.  Pearse,  Superintendent  of  Schools,  Milwaukee,  Wis. ; 
Secretary,  Irwin  Shepard,  Winona,  Minn.;  Treasurer,  Katherine  D.  Blake, 
New  York,  N.  Y. ;  Vtce-Presidents,  Ella  Flagg  Young,  Chicago,  IlL ;  George 
H.  Carpenter,  Brownwood.  Tex. ;  Charles  F.  Philbrook,  Bisbee,  Aria. ; 
Helen  Marsh  Wixson,  Denver,  Colo.;  Samuel  Andrews,  PittsburghLPa. ; 
R.  H.  Wilson,  Oklahoma  City,  Okla. ;  S.  S.  Stockwell,  Cheyenne,  Wyo.: 
Edwin  D.  Ressler,  Corvallis,  Ore. ;  Woodland  C.  Phillips.  Maryland ;  Edward 
Hyatt,  Sacramento,  Cal. ;  Vaughan  MacCaughey,  Honolulu ;  Board  of 
Trustees,  James  Y.  Joyner,  Raleigh,  N.  C. ;  James  M.  Greenwood,  Chairman, 
Kansas  City,  Mo. ;  J.  Stanley  Brown,  Joliet,  III. ;  Robert  J.  Aley,  Secretary, 
Orono,  Me.;  Carroll  G.  Pearse,  Milwaukee,  Wis. 
Natural  Science  Section  of  the  Ontario  EIducational  Association. 

Hon.  President,  Professor  A.  P.  Coleman,  Toronto  ^University ;  President, 
A.  P.  Gundry,  Strathroy;  Vice-President,  W.  J.  Hamilton,  Fort  William; 
Secretary-Treasurer,  F.  J.  Johnston,  292  Evelyn  Ave.,  Toronto. 
New  England  Association  of  CHsiasTBY  Teachebs. 

President,  Frederick  C.  Adams,  Mechanic  Arts  High  School,  Boston, 
Mass. ;  Vice-President,  Charles  W.  Goodrich,  High  School,  Waltham,  Mass. : 
Secretary,  Edward  S.  Bnrant,  Everett  High  School,  Everett,  Mass.;  Treas- 
urer, Alfred  M.  Butler.  East  Boston  High  School,  East  Boston,  Mass. 

New  York  State  Science  Teachers'  Association. 

President.  Ernest  Rcveley  Smith,  North  High  School,  Syracuse;  Vice- 
President,  Guy  A.  Bailey,  State  Normal  School,  Geneseo ;  Secretary-Treas- 
urer, Bryan  O.  Burgin,  High  School,  Albany;  Council:  1912,  J.  S.  Shearer, 
Cornell  University,  Ithaca;  F.  L.  Bryant,  Erasmus  Hall  High  School, 
Brooklyn;  O.  C.  Kenyon,  Central  High  School,  Syracuse.  1913,  W.  M. 
Smallwood,  Syracuse  University;  W.  M.  Bennett,  West  High  School, 
Rochester;  F.  P.  Huested,  High  School,  Albany.  1914,  A.  G.  Clement. 
Education  Dept,  Albany;  W.  D.  Mcrrell,  University  of  Rochester;  J.  E. 
Whitsit,  De  Witt  Clinton  High  School,  New  York  City.  1915,  J.  R. 
Kelton,  High  School,  Amsterdam;  H.  A.  Carpenter,  West  High  School 
Rochester;  J.  A.  Randall,  Pratt  Institute,  Brooklyn. 
North  Dakota  Association  of  Science  and  Mathematics  Teachers. 

President,  Principal  W.  C.  Stebbins,  High  School,  Grand  Forks;  Vice- 
President,  E.  G.  Burch,  State  Science  School,  Wahpeton;  Secretary,  L.  B. 
McMullen,  State  Normal  School,  Valley  City;  Retiring  President,  E.  F. 
Chandler. 

Northeastern  Ohio  Association  of  SaENCE  and  Mathematics  Teach- 
ers. 
President,  H.  W.  Kennedy,  High  School,  Lakewood;  Vice-President, 
R.  A.  Brown,  Shaw  High  School,  E.  Cleveland ;  Secretary-Treasurer,  H.  T. 
McMyler,  High  School  of  Commerce,  Cleveland;  Executive  Committee, 
A.  F.  M.  Petersilge,  Chairman,  East  High  School,  Cleveland;  T.  C  Wood- 
ward, High  School,  Akron ;  W.  E.  Durstine,  Technical  High  School.  Cleve- 
land; L.  B.  Altaffer,  West  High  School,  Cleveland  ;Dgtiz^.bKclscr,  High 
School,  Lorain. 
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Northwestern  Ohio  Center  of  the  Central  Association  of  Science 
AND  Mathematics  Teachers. 
President,  C.  M.  Bronson;  Vice-President,  Miss  Marie  Gugle,  Secre- 
tary-Treasurer, M.  R.  Van  Cleve,  all  of  the  Toledo  Central  High  School ; 
Executive  Committee,  Miss  Schneider,  W.  P.  Holt,  A.  W.  Stuart,  Toledo 
Central  High  School,  Miss  Strempfer,  Toledo  East  High  School  and  I.  F. 
Mattison,  Delphas. 

Physics  Club  of  New  York. 

President,  Raymond  B.  Brownlee,  Stuyvesant  High  School;  Secretary,, 
P.  W.  Huntington,  Erasmus  Hall  High  School. 
Southern  California  Soence  and  Mathematics  Association. 

President,  G.  C.  Bush,  South  Pasadena  City  Schools;  Vice-President, 
H.  C.  Van  Buskirk,  Throop  Polytechnic  Institute,  Pasadena;  Secretary- 
Treasurer,  A.  A.  Hummel,  Los  Angeles  State  Norma!  Sdiool. 

Mathematics  Section — Chairman,  Frank  Van  Vlict,  Lon^  Beach  High 
School;  Secretary,  Miss  Amina  McNaughton,  Pasadena  High  School. 
Society  op  American  Bacteriologists. 

President,  Dr.  William  H.  Park,  director  of  the  Research  Laboratories. 
City  of  New  York;  Vice-President,  Professor  C.  E.  A.  Winslow,  College 
of  the  City  of  New  York;  Secretary-Treasurer,  Dr.  Charles  E.  Marshall, 
Michigan  Agricultural  College,  East  Lansing. 
Wisconsin  Association  of  Mathematics  Teachers. 

President,  Henry  Ericson,  Milwaukee;  Vice-President,  Mary  C.  Nye, 
Superior;  Secretary-TrecLsurer,  Professor  W.  W.  Hart,  Madison;  Chair- 
man Executive  Committee,  J.  V.  Collins,  Stevens  Point. 


THE  NATIONAL  aEOMETRT  SYLLABUS. 

By  H.  E.  Slaught,  Chairman. 

The  provisional  report  of  the  National  Committee  of  Fifteen  on 
Geometry  Syllabus,  which  was  published  in  April,  May,  and  June  in 
School  Science  and  Mathematics,  was  presented  to  the  Mathematics 
Section  of  the  National  Education  Association  at  San  Francisco  in  July, 
1911. 

The  report  was  favorably  received  and  discussed  with  interest  and  the 
commitee  was  authorized  to  make  further  modifications  in  the  light  of 
suggestions  and  criticisms  from  all  sources  and  then  to  publish  and  dis- 
tribute  a  large  edition  among  teachers  of  mathematics  in  all  parts  of  the 
country.  For  this  purpose  an  appropriation  was  granted.  The  report  was 
also  presented  to  the  Council  of  the  American  Federation  of  Teachers  of 
the  Mathematical  and  Natural  Sciences  at  its  meeting  in  Baltimore  in  191 1. 
The  report  was  prepared  under  the  joint  auspices  of  the  two  bodies.  The 
Federation  also  provided  an  appropriatioh  toward  the  expenses  of  dis- 
tributing the  report,  in  recognition  of  which  all  mathematics  members  of 
the  associations  forming  the  Federation  will  be  the  first  to  receive  copies 
of  the  new  edition  of  the  report. 

During  the  autumn  and  winter  the  members  of  the  committee  have 
carefully  considered  all  criticisms  which  have  been  presented  and  have 
made  revisions  in  various  parts  of  the  report,  in  particular  adding  a  sec- 
tion of  suggestions  to  examining  bodies  on  the  use  of  the  syllabus.  The 
report,  as  thus  amended,  is  still  issued  as  a  provisional  report.  Since 
the  committee  felt  that  it  should  have  a  wide  circulation  in  this  form  in 
order  that  teachers  all  over  the  country  might  have  a  chance  to  study  and 
pass  judgment  upon  it.  It  is  hoped  that  this  report  may  be  made  the  basis 
of  discussions  in  meetings  of  the  various  associations  throughout  the  year, 
as  has  already  been  done  in  several  instances. 

The  general  distribution  of  the  report  will  be  made  through  the  Bureau 
of  Education  at  Washington  and  it  is  desired  that  this  announcement  may 
be  made  as  widely  as  possible  through  educational  journals,  at  educational 
meetings  and  by  personal  activity  on  the  part  of  all  interested.  Anyone  de- 
siring a  copy  may  secure  it  gratis  upon  application  to  the  CoMMiSHONKfc.^Tp 
OP  Education,  Department  of  the  Interior,  Washington,  K^tt^  O 
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F0BE8TBT  IN  OEOORAPHT.' 

By  Edwin  R.  Jackson, 
Expert,  Forest  Service. 

To  the  minds  of  most  of  the  grown-up  persons  in  the  United 
States  the  word  "geography"  probably  will  bring  a  vision  of  a 
large,  flat  book,  filled  with  maps  in  variegated  colors,  the  inter- 
vening pages  burdened  with  series  upon  series  of  questions  and 
answers  beginning  something  like  this :  "What  is  the  earth  ?  The 
earth  is  the  planet  upon  which  we  dwell."  The  chief  utility  of 
the  "joggerfy"  was  considered  by  many  of  us  in  those  days  to 
be  its  effectiveness  as  a  shield  from  the  keen  watchfulness  of 
the  teacher.  What  we  learned  from  its  pages  was  generally 
typified  by  a  sing-song  recital  of  the  names  of  the  states  and 
their  capitals,  varied  occasionally  by  an  attempt  to  "bound  New 
Jersey"  or  to  perform  some  other  equally  inconsequential  and 
abstract  feat  of  memory.  Fortunately,  the  subject  of  geography 
has  been  to-day,  to  a  large  degree,  rescued  from  such  treatment, 
and  has  been  made  the  medium  through  which  the  student  learns 
of  the  great  world  about  him  and  of  the  activities  of  his  fellow 
men  in  their  endeavors  to  occupy  the  face  of  the  earth  and  make 
it  serve  their  needs. 

The  Meaning  of  Geography. 
A  good  old  definition  of  geography  is — "The  descrip- 
tion of  the  earth's  surface  and  its  inhabitants."  As  definitions 
go,  this  is  perhaps  satisfactory  enough.  It  includes  within  its 
scope  the  study  of  topographic  conditions  and  formations ;  how 
these  features  are  formed  and  modified ;  and  what  are  the  effects 
of  these  features  on  the  lives  of  men.  This  last  phase  is  the  one 
which,  after  all,  is  the  vital  element  in  geography.  There  would 
be  no  especial  benefit  derived  from  studying  about  seas,  rivers, 
mountains,  and  plains,  unless  these  features  had  some  connec- 
tion with  the  life  of  man.    The  really  living  element  in  geog- 
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raphy  is  the  consideration  of  how  man  has  been  able  not  only 
to  overcome  the  obstacles  placed  in  the  path  of  his  progress  by 
nature,  but  how  the  human  mind  has  triumphed  over  countless 
difficulties  in  its  struggle  to  utilize  the  products  of  the  earth  in 
ministering  to  man's  own  comfort.  Now  the  teacher  of  geog- 
raphy instead  of  compelling  the  pupils  to  memorize  which  states 
produce  coal,  corn,  or  cotton,  asks  them  to  learn  the  stories  of 
these  and  other  articles  of  commerce,  tracing  each  from  the 
earliest  stages  of  production  to  its  final  consumption.  The  great 
rivers  of  the  nation  become  not  merely  wiggly  black  marks  on  the 
bright-hued  map  but  the  mind  of  the  pupil  sees  them  carrying 
boats  and  turning  water  wheels,  or,  swollen  with  the  freshet 
waters  of  the  early  spring,  carrying  destruction  to  the  valleys 
through  which  the  floods  pass,  as  well  as  bearing  away  to  the 
ocean  in  their  turbid  waters  hundreds  of  tons  of  rich  silt  torn 
from  the  hillsides.  Thus  each  feature  of  the  earth's  surface 
takes  on  a  real  significance,  of  greater  or  lesser  importance  ac- 
cording to  the  influence  it  exerts  on  the  life  of  man.  Thus  geog- 
raphy explains  and  illuminates  history.  It  gives  us  an  insight 
into  the  movements  of  the  races;  explains  the  tide  of  battle  in 
many  a  hard-fought  struggle  between  the  nations;  and  tells  us 
the  secret  of  the  peace  and  prosperity  which  attend  some  nations 
and  the  calamities  that  have  befallen  others. 

From  this  point  of  view,  few  features  of  the  earth's  surface 
are  more  deserving  of  study  than  the  forest.  Not  only  are  for- 
ests widespread  in  their  distribution,  but  they  are  a  potent  factor 
in  the  influence  that  they  exert  over  the  forces  that  constantly 
tend  to  modify  the  earth's  surface,  and  they  are  also  highly  im- 
portant as  a  basis  of  commerce. 

Distribution  and  Character  of  Forests  of  the  United 

States. 

The  study  of  forest  distribution  is  of  interest  both  locally  and 
generally.  Every  student  of  geography  should  begin  in  this  as 
in  all  other  geographical  studies,  with  the  study  of  local  condi- 
tions, broadening  gradually  to  the  general  conception  of  forest 
distribution.  A  map  of  the  immediate  vicinity,  showing  the 
topography  of  the  neighborhood,  would  be  conspicuously  incom- 
plete unless  it  showed  the  distribution  of  timbered  lands.  Here 
comes  in  the  opportunity  to  consider  the  relation  of  forests  to 
farm  lands,  the  influence  of  slopes,  soils  and  moisture  on  tree 
distribution,  and  the  nature  of  the  forest  growth  of  the  vicinity 
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— ^whether  hardwoods  or  coniferous,  virgin  or  second  growth, 
native  or  planted. 

Taking  then  the  broader  view,  the  student  of  gec^raphy  should 
learn  where  are  the  principal  forest  areas  of  the  United  States, 
and  the  general  character  of  the  forests  in  each  region.  For  ex- 
ample, he  should  know  that  the  principal  hardwood  forests  of 
the  United  States  are  found  in  the  Southern  Appalachians ;  that 
the  forests  of  New  England  are  the  chief  source  of  the  spruce 
wood  so  much  usfsd  for  pulp  wood  in  paper  manufacture;  that 
the  chief  source  of  pine  lumber  so  much  in  demand  for  building 
purposes,  formerly  in  the  region  surrounding  the  Great  Lakes, 
is  now  shifting  to  the  pineries  of  the  Southern  States  and  to  the 
coniferous  forests  of  the  Pacific  Northwest.  Of  course  every 
common  school  pupil  will  know  that  California  is  the  home  of 
the  "Big  Trees"  but  he  should  learn  also  of  the  important  red- 
wood forests  of  the  Pacific  Coast,  which  furnish  a  very  consid- 
erable portion  of  the  lumber  used  in  the  West. 

Then  there  are  the  great  plains  of  the  Middle  West,  whose 
lack  of  trees  gives  a  splendid  chance  to  bring  out  the  influences 
of  climatic  conditions  upon  plant  life.  It  should  be  observed, 
too,  that  upon  these  plains  the  course  of  a  stream  is  often  evi- 
dent for  miles  because  of  the  fringe  of  trees  which  line  its  banks. 

As  an  exercise  in  map  drawing,  all  these  data  can  be  graph- 
ically represented  very  easily  by  depicting  the  various  areas  on 
a  map  of  the  United  States  by  means  of  colored  pencils  or  chalk. 
The  Forest  Service  publishes  a  small  map  of  this  character, 
showing  in  colors  the  forest  region  of  North  America.  Teachers 
of  geography  will  find  it  a  very  desirable  aid  in  their  work. 

The  National  Forests  and  National  Parks. 

Other  features  of  interest  to  the  student  of  geography  to-day 
are  the  National  Forests  and  National  Parks  maintained  by  the 
government.  Most  students  will  know  about  the  national  parks 
at  Yosemite  and  Yellowstone,  but  will  not,  perhaps,  know  that 
there  are  other  parks  set  aside  by  the  national  government.  It 
will,  of  course,  be  impossible  to  locate  the  National  Forests  ex- 
actly, because  there  are  too  many  and  their  boundaries  are  too 
irregular,  but  a  glance  at  a  map  which  shows  their  locations  will 
instantly  impress  one  with  the  fact  that  they  are  nearly  all  in 
the  Western  States  and  that  they  form  two  quite  distinct  chains 
following  pretty  closely  the  ranges  of  the  Rockies  and  the  Sierra 
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Nevada  Mountains.  The  reasons  for  this  furnish,  in  themselves, 
the  text  for  a  lesson  in  geography.  The  student  may  be  led  to 
^ee  that  the  National  Forests  have  been  established  in  that  part 
of  the  country  which  contained  the  chief  forest  areas  of  the 
<X)untry  which  have  not  yet  been  cut  over;  because  this  land,  at 
-the  time  the  National  Forests  began  to  be  established,  was  still  a 
part  of  the  public  domain,  hence  could  be  set  aside  by  the  na- 
tional government  for  any  purpose  desired ;  and  because  the  land 
on  which  the  forests  are  located  should  be,  and  is,  chiefly  moun- 
tainous land  unsuited  to  cultivation. 

The  Influence  of  Forests  upon  Typography. 

But  geography  includes  more  than  merely  a  study  of  the 
topography  of  the  country;  it  takes  into  consideration  the  man- 
ner in  which  its  topographic  features  are  formed  and  modified. 
In  the  influence  they  exert  over  conditions  of  climate,  soil  and 
water,  forests  are  quite  worthy  of  attention.  Here  the  student 
of  physical  geography  finds  his  field  of  research. 

The  question  of  whether  or  not  forests  exert  any  appreciable 
influence  over  climatic  conditions  is  one  much  mooted  in  scien- 
tific circles.  The  student  may  experiment  for  himself  along  this 
line  by  recording  and  comparing  at  frequent  intervals  the  tem- 
peratures registered  on  thermometers  hung  in  the  forest  and 
others  in  the  open.  Scarcely  anyone  will  dispute  the  value  of  for- 
ests as  wind-breaks.  The  numerous  shelter  belts  of  trees  planted 
about  the  farm  buildings  in  the  treeless  districts  of  the  Middle 
West  furnish  an  object  lesson  of  undoubted  force  on  this  subject. 

Forests  should  also  be  considered  in  the  influence  they  exert 
upon  the  soil.  They  have  a  twofold  importance  in  this  respect — 
as  soil  formers  and  improvers,  and  as  soil  protectors  or  fixers. 
It  cannot  but  become  apparent  to  anyone  who  visits  the  interior 
of  a  forest  and  observes  the  litter  of  leaves,  fallen  twigs  and  de- 
caying wood  which  covers  the  forest  floor,  that  trees  contribute 
very  materially  toward  the  formation  of  the  humus  which  makes 
forest  land  so  fertile.  Not  only  do  the  trees  build  up  and  enrich 
the  soil,  but  they  are  instrumental  also  in  preventing  erosion. 
On  steep  hillsides  light  vegetable  soil  would  be  very  quickly 
washed  away  were  it  not  for  the  fact  that  the  roots  of  the  trees 
hold  it  in  their  firm  grasp  and  the  trunks,  roots,  and  fallen 
branches  place  mechanical  obstructions  in  the  way  of  the  down 
rushing  surface  waters.  An  interesting  use  of  trees  is  that  to 
which  they  are  sometimes  put  in  sandy  regions — ^that  of  holding 
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in  check  and  reclaiming  drifting  sonds  of  areas  such  as  the 
shores  of  the  ocean  or  lakes,  and  the  banks  of  streams.  By 
means  of  tree  planting,  large  tracts  of  what  were  previously- 
waste  sand  areas  have  been  reclaimed  along  the  Columbia  River 
and  along  the  shores  of  the  Great  Lakes  and  the  Atlantic  Ocean. 
Though  not  so  evident  to  the  eye,  the  effect  of  forests  over 
the  water  supply  of  the  country  is  also  worthy  of  consideration* 
by  the  student  of  geography.  While  it  cannot  be  said  that  for- 
ests appreciably  increase  precipitation,  it  is  nevertheless  fairly 
well  settled  that  they  do  control,  to  a  greater  or  less  degree,  the 
run-off  of  surface  waters.  The  spongy,  easily  penetrable  litter 
of  the  forest  floor  soaks  up  the  rain  water  much  more  readily 
than  would  barren  soil,  and  the  lower  strata,  being  pierced  by 
the  roots  of  the  trees,  are  also  rendered  more  penetrable  to  the 
seepage  water,  hence  the  consequent  effect  can  scarcely  fail  to  be 
that  less  of  the  precipitated  moisture  will  flow  off  as  surface 
water  and  more  will  find  its  way  into  the  soil  to  come  out  grad- 
ually through  wells  and  springs.  The  ultimate  results  are  the 
lifting  of  the  water  table  in  the  ground,  the  regulation  of  the 
flow  of  streams  and  springs,  and  the  decreased  violence  of  floods 
after  heavy  rains. 

Relation  of  Forests  to  Commerce. 

All  of  the  foregoing  topics  treat  of  the  relation  of  forests  "ta^ 
the  earth's  surface."     They  will  appeal  especially  to  students 
of  physical  geography.     But  we  have  yet  to  consider  the  rela- 
tion between  forests  and  the  "inhabitants  of  the  earth's  surface."' 
To  the  teacher  of  commercial  geography  the  forest  furnishes 
material  for  extended  study.    First  of  all,  the  commercial  prod- 
ucts of  the  forest  are  numerous  and  varied.     The  lumbering 
industry,  for  example,  ranks  fourth  in  importance  among  the 
great  industries  of  the  United  States.    The  story  of  the  log  from' 
the  forest  to  the  lumber  yard  is  full  of  interest,  including,  as  if 
does,  glimpses  into  the  lives  of  loggers,  river  men,  mill  men  and' 
lumber  merchants.     Then  there  are  the  minor  products  of  the' 
forest  to  be  considered — how  the  so-called  "naval  stores"  are 
obtained  from  the  great  forests  of  Southern  pines ;  how  paper  is 
manufactured  from  the  spruce  and  hemlock  forests  of  the  North- 
east; how  the  "sugar  bushes"  of  New  England  and  Ohio  con- 
tribute the  much-sought- for  maple  sirup  and  sugar  to  the  com- 
mercial world.      Then  there  are  thousands    of  less  important 
articles  of  commerce  obtained  from  the  forest;  such,  for  ex-^ 
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ample,  as  nuts,  medicinal  extracts,  gums,  oils,  etc.  All  of  these 
products  of  the  forest  are  obtained  only  by  the  labor  of  man, 
and  thus  in  the  course  of  their  production  and  manufacture  give 
employment  to  thousands  of  people.  It  is  estimated  that  indus- 
tries based  wholly  or  chiefly  upon  the  forest  furnish  a  means  of 
livelihood  to  more  than  one  and  one  half  millions  of  people  in 
the  United  States  alone. 

Commerce,  furthermore,  is  dependent  upon  transportation. 
The  forests  have  a  direct  bearing  upon  the  problems  of  trans- 
portation, and  this  must  not  be  lost  sight  of  by  the  student  of 
geography.  The  earliest  settlers  in  the  United  States  found  in 
the  forests  which  hemmed  in  the  Atlantic  Coast  a  very  formid- 
able obstacle  to  travel  and  transportation.  Nowadays,  however, 
the  reverse  is  true,  for  instead  of  being  an  obstacle,  the  forests 
are  a  great  aid  in  facilitating  transportation  in  at  least  two  ways. 
First,  they  contribute  much  of  the  material  necessary  to  construct 
our  railroads  and  bridges — for  even  the  genius  of  the  Yankee 
inventor  has  not  succeeded  in  producing  a  satisfactory  substitute 
for  the  wooden  cross-tie ;  and  second,  in  the  influence  they  have 
in  regulating  the  flow  of  navigable  streams,  the  forests  tend  to 
make  transportation  by  water  more  practicable. 

The  Lesson  of  Conservation. 

Finally,  the  g^eat  lesson  which  should  be  brought  home  to  the 
pupil  is  the  bearing  of  practical  forestry  on  all  these  studies. 
What  does  forestry  mean?  Will  it,  in  any  way,  help  to  make 
men  "healthy  and  wealthy  and  wise"?  The  student  of  geog- 
raphy should  learn  that  the  chief  aim  of  the  forester  is,  not  as 
has  been  sometimes  charged,  to  place  an  absolute  ban  upon  the 
cutting  of  trees,  and  thus  lock  up  under  government  protection 
one  of  the  principal  resources  of  the  nation ;  but  rather  to  guide 
the  people,  whether  owners  of  5-acre  woodlots  or  lumber  kings 
with  holdings  equal  to  princes'  realms,  to  a  knowledge  of  how 
to  use  the  forest,  yet  at  the  same  time  to  promote  its  future  de- 
velopment— for  this  can  be  done,  without  a  shadow  of  a  doubt. 
"Forest  conservation"  is  the  term  which  expresses  this  theory 
of  the  forester — ^not  forest  preservation,  however,  for  forests  are 
given  us  to  use,  not  merely  to  look  at,  however  beautiful  they 
may  be.  Only,  we  must  learn  to  use  them  prudently,  and  to 
eliminate  all  wanton  waste. 

Indirectly,  of  course,  the  lesson  of  forest  conservation  as 
taught  by  the  forester  will  have  its  influence  upon  all  oonserva- 
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tion  movements  which  seek,  for  the  good  of  the  people  generally, 
to  promote  the  unhampered  but  economical  use  of  all  our  nat- 
ural resources — ^mincrals,  water,  soil  and  all  the  other  gifts  of 
nature  to  mankind.  Thus,  if  the  teacher  of  geography  has  a 
broad  vision  and  an  intelligent  grasp  of  the  subject,  the  pupils 
may  be  led,  through  the  element  of  forestry  in  geography,  to 
get  an  insight  into  what  is  now  one  of  the  greatest  questions  that 
confront  our  statesmen  and  economists — ^how  to  handle  our  nat- 
ural resources. 

AN  ALKALI  WATER  FROM  THE  BLACK  HILLS. 

By  Nicholas  Knight, 
Cornell  College,  Mount  Vernon,  la. 

A  specimen  of  water  from  a  well  thirty  feet  deep,  near  the 
Black  Hills,  in  Butte  County,  South  Dakota,  was  sent  to  us  a  few 
weeks  ago  for  analysis.  It  was  strongly  alkaline,  the  sodium  and 
potassium  carbonates  comprising  three  fourths  of  the  total  solid 
residue.  A  striking  peculiarity  of  the  water  was  its  deep  brown 
color.  Boiling  did  not  affect  this  in  any  way,  nor  did  it  come 
down  in  any  of  the  precipitates,  and  it  could  not  be  filtered  off. 
When  the  water  was  distilled  most  of  the  color  remained  behind 
in  the  flask,  but  even  the  distillate  was  tinged  with  brown.  We 
are  indebted  to  Mr.  Ralph  Ege  of  the  Cornell  chemical  depart- 
ment for  making  the  analysis. 

The  results  of  the  analysis  are  as  follows.  The  numbers  ex- 
press the  amounts  of  the  various  constituents  in  100,000  parts  of 
the  water: 

Total  solid  residue   81.84 

Silica 3.06 

Iron  and  alumina 0.38 

Carbon  3.14 

Calcium  carbonate  3.91 

Calcium  sulphate   0.65 

Magnesium  carbonate  10.48 

Sodium  carbonate 36.94 

Potassium   carbonate    23.17 

The  carbon  found  in  the  water  probably  accounts  in  a  measure 
at  least  for  the  brown  coloration,  and  it  is  doubtless  a  peaty  water. 
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PUPIL  BPPIOnSNOY.i 

By  Dr.  Wm.  A.  Evans, 
Chicago. 

So  long  as  teachers  are  willing  to  suffer  the  difficulties  that 
arise  from  trying  to  teach  children  in  rooms  that  are  badly  venti- 
lated ;  so  long  as  it  is  not  the  problem  of  the  teacher,  it  isn't  going 
to  be  solved.  And  one  of  the  reasons  why  you — ^and  I  am  now 
speaking  to  you  people  who  are  sitting  in  this  room — so  long  as 
you  are  willing  to  allow  the  janitor  the  sole  control  of  the  ven- 
tilation in  your  school  building  and  say  that  it  is  not  your  prob- 
lem, it  is  not  going  to  be  solved. 

I  am  not  going  to  limit  what  I  have  to  say  to  school  ventila- 
tion; and  yet,  as  being  the  largest  factor  in  pupil  efficiency,  I 
am  going  to  talk  more  about  that  than  anything  else.  You  have 
been  talking  here  a  day  or  two  since  your  session  began,  about 
how  to  teach  students,  about  the  books  that  should  be  employed 
and  the  methods  in  imparting  information  from  those  books.  A 
pupil  that  has  been  taught  is  the  result  of  three  factors ;  one  of 
those  is  the  teacher,  the  other  the  pupil,  and  the  third  the  thing 
that  is  being  taught.  You  cannot  comprehensively  consider  or 
solve  this  problem  until  you  take  into  account  each  of  these  three 
factors,  and  my  plea  here  is  that  you  pay  attention  to  two  of 
them,  and  ventilation  is  the  other  two.  It  is  the  other  two  be- 
cause it  determines  in  great  measure  the  efficiency  of  the  teacher, 
and  it  determines  in  great  measure  the  capacity  for  learning  on 
the  part  of  the  pupil,  therefore  it  is  two  thirds  of  this  equation, 
and  probably  that  is  where  the  mathematics  teachers  get  in. 

About  30,000  people  die  in  Chicago  each  year,  and  of  these 
about  10,000  die  as  the  result  of  bad  air  diseases.  The  death  rate 
from  bad  air  diseases  and  from  children's  diseases  constitutes 
two  thirds  of  the  total  death  rate  in  this  city,  and  that  is  true  of 
all  parts  of  this  country.  It  is  about  as  true  of  the  country  as  it  is 
of  the  city,  and  about  as  true  of  other  cities  as  it  is  of  the  city  of 
Chicago.  From  that  standpoint  bad  ventilation  is  worthy  of  our 
attention. 

Probably,  however,  it  is  of  more  consequence  from  another 
standpoint.  We  are  talking  much  of  saving  waste  in  this  country ; 
we  are  talking  much  of  efficiency  in  this  country.  The  best  brains 
of  this  land  are  employed  in  working  out  machinery  in  which  the 
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element  of  waste  will  be  reduced  to  the  minimum ;  they  are  .work- 
ing out  economic  systems  and  plans  of  organization,  plans  of 
transportation  and  plans  of  commercial  development  in  which  the 
gain  comes  not  from  new  fields  of  development  so  much  as  from 
an  elimination  of  waste  in  the  old  fields.  We  have  great  brains 
planning  machines,  with  the  result  that  those  machines  are  doing 
work  more  economically  and  less  wastefuUy  than  work  has  ever 
been  done  before.  Moreover,  men  arc  coming  to  consider  the 
efficiency  of  human  effort,  through  finding  that  the  largest  factor 
in  that  efficiency  or  inefficiency  is  bad  ventilation  or  good  ventila- 
tion, as  the  case  may  be.  Of  course  we  understand  that  good 
food  is  necessary  and  that  you  can't  get  a  day's  work  out  of  a 
man  whose  body  is  being  fed  with  fuel  in  the  shape  of  food  that 
is  not  nutritious.  That  is  pretty  well  understood  and  it  is  of  great 
consequence.  We  understood  that  food  must  be  put  in  solution, 
and  therefore  it  is  necessary  that  the  water  used  for  that  solution 
should  be  pure  water,  else  the  htrnian  machine  will  not  work  as 
well  as  it  should.  And  so  communities  are  spending  many  mil- 
lions of  dollars — ^this  community  sixty  million  dollars — for  good 
water,  to  the  end  that  there  should  be  an  increase  in  efficiency. 
The  death  rate  from  the  diseases  that  are  due  to  bad  water  is  so 
small  that  it  does  not  constitute  a  legitimate  reason  for  the  ex- 
penditure of  money  enough  to  get  a  good  water  supply. 

Very  much  more  important  from  the  standpoint  of  efficiency 
than  is  good  food  or  good  water  is  good  air,  and  it  is  from  this 
standpoint  that  there  is  greater  need  for  a  comprehensive  study 
of  ventilation  than  there  has  been  in  times  past.  This  phase  of 
the  subject  far  overshadows  the  other  small  matter  of  10,000 
deaths  a  year. 

It  is  necessary  that  there  should  be  an  improvement  in  the  gen- 
eral air  supply.  The  human  beings  that  make  up  a  population  of 
two  millions  are  doing  much  toward  the  pollution  of  the  jumbled 
mass  of  air.  The  fires  that  are  burning  here  for  the  running  of 
machinery  necessary  for  the  life  of  a  great  city,  are  doing  much 
for  the  pollution  of  the  air. 

Perhaps  some  of  you  can  remember  when  you  were  willing 
to  drink  water  that  was  not  altogether  clear.  Now  we  refuse 
point  blank  to  drink  water  that  does  not  sparkle,  that  isn't  good 
and  healthy.  It  is  very  important  and  it  is  wise  that  you  should 
do  that ;  but  it  is  infinitely  wiser  that  you  should  refuse  to  breathe 
air  that  isn't  clean.  However,  at  the  present  time  if  you  refuse 
to  breathe  that  kind  of  air  you  will  shut  off  your  total  air  supply. 
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And  so  we  have  got  to  have  a  movement  representing  millions 
of  dollars  and  much  of  energy,  to  secure  a  purification  of  the  air 
supply.  This  is  going  to  take  all  of  the  soldiers  that  it  can  get ; 
it  is  going  to  take  every  bit  of  backing  that  can  be  had.  It  is  a 
movement  in  which  the  teachers  must  enlist.  No  teacher  is  fair  to 
his  community  or  fair  to  himself  who  does  not  enlist  in  that  war. 

But  the  general  air  may  be  good  or  bad  without  largely  influ- 
encing the  character  of  air  that  is  to  be  found  within  the  build- 
ings; and  bad  ventilation,  bad  air  within  the  houses  constitutes 
the  broad  problem  that  I  want  to  talk  to  you  about  to-night. 

A  large  part  of  the  children  in  schools  are  being  harmed  by  the 
air  that  they  are  compelled  to  breathe.  We  have  compulsory  edu- 
cation. I  doubt  very  much  whether  we  have  a  moral  right,  if  we 
have  a  legal  right,  to  force  a  child  to  spend  several  hours  of  the 
day  in  a  place  that  is  going  to  harm  that  child,  in  many  instances 
will  harm  the  child  more  than  the  child  will  be  benefited  by  that 
experience.  It  has  been  held  that  a  community  has  no  right  to 
send  a  man  convicted  of  a  crime  to  a  penitentiary  where  he  may 
be  brought  in  contact  with  hazards  that  are  unduly  great.  Hence 
the  community  has  not  the  right  to  put  him  into  a  prison  and  there 
subject  him  to  undue  hazards  of  life,  such  as  would  prevail  in  a 
prison  that  was  the  seat  of  smallpox,  cholera,  plague,  or  some  in- 
fection of  that  character. 

The  question  is.  Has  the  community  a  right,  through  compul- 
sory education,  to  take  children  who  might  otherwise  be  playing 
in  air  that  was  good  or  bathing  in  sunshine  that  was  curative,  and 
hold  them  for  hours  in  a  poorly-ventilated  schoolroom? 

Schoolrooms  are  generally  heated  by  a  central  heating  plant. 
The  air  is  taken  in  from  out  of  doors  at  a  temperature  of,  let 
us  say  ID  or  15  degrees  above  zero,  on  a  cold  day,  and  90  per  cent 
saturated  with  moisture,  as  it  is  outside  and  at  that  temperature. 
It  is  run  into  a  heating  apparatus  and  heat  is  added  until  the 
temperature  has  come  up  to  80.  Unless  moisture  is  added  to  that 
air,  step  by  step  with  the  addition  of  heat,  that  air  is  made  harm- 
ful, and  distinctly  harmful.  It  is  harmful  because  it  is  unduly 
thirsty ;  it  must  have  water.  You  cannot  add  heat  to  air  without 
either  adding  moisture  to  that  air  or  adding  thirst  to  that  air. 
Your  humidity,  therefore,  has  dropped  from  a  relative  humidity 
of  90  down  to  a  relative  humidity  of  10  or  15.  The  air  is  pumped 
into  the  room,  say  with  a  10  per  cent  humidity,  and  that  means  it 
is  going  to  have  moisture ;  it  is  compelled  to  have  it.  It  will  pick 
it  up  out  of  the  chairs,  and  presently  your  chairs  begin  to  get 
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rickety  and  fall  to  pieces ;  then  the  desks  get  rickety  and  fall  to 
pieces;  then  the  walls,  then  the  floors  or  doors  presently  have 
shrunk  and  don't  fit  tight.  If  your  air  is  getting  moist  from  these 
sources,  these  places  where  there  is  but  little  moisture,  you  can 
be  certain  that  it  is  taking  a  harmful  amount  of  moisture  out  of 
those  things  in  the  room  that  are  devised  for  the  purposes  of 
evaporation.  There  are  no  things  in  these  rooms  devised  for  the 
purpose  of  evaporation  except  the  people  that  occupy  those  rooms, 
and  they  are  God-planned  for  just  that  purpose.  They  are 
covered  by  skin  that  is  constructed  on  a  basis  of  evaporation; 
they  have  lungs  that  are  lined  with  delicate  epithelium  and  upper 
respiratory  tracts,  likewise  lined ;  and  one  of  the  reasons  for  the 
delicacy  of  that  epithelium  is  that  there  may  be  loss  of  moisture 
through  those  delicate  membranes.  If  the  atmosphere  had  a  nor- 
mal appetite  it  would  be  perfectly  proper  and  perfectly  healthy. 
We  would  be  perfectly  satisfied  if  that  air  had  30  per  cent  of 
thirst;  that  would  be  physiological,  that  would  be  normal  and 
healthy.  People  should  live  in  air  that  has  about  30  per  cent  of 
thirst;  that  is  to  say,  about  70  per  cent  of  relative  humidity  is 
tlie  point  where  there  is  greatest  comfort  and  greatest  well-being. 

What  we  are  complaining  of,  then,  is  not  the  thirst  but  the 
fact  that  that  30  per  cent  of  thirst  has  been  converted  into  90 
per  cent  of  thirst,  so  that  the  air  as  it  comes  into  the  room  is  like 
a  catfish.  You  know  there  is  not  much  to  a  catfish  except  mouth. 
Air  because  of  thirst  is  going  to  have  water  and  it  is  going  to 
take  it  out  of  the  skin ;  and  that  means  that  the  children's  skins 
are  going  to  be  unduly  dried.  It  is  going  to  dry  out  throats  and 
the  upper  respiratory  tracts  causing  the  bacteria  that  are  nor- 
mally there  to  get  beyond  those  membranes.  They  are  going  to 
get  into  the  tissues,  and  that  is  where  the  abnormality  lies.  Hence 
those  children  are  going  to  have  more  infection  than  they  would 
otherwise  have;  more  colds,  more  measles,  more  scarlet  fever, 
more  diphtheria.  In  addition  to  these  there  are  going  to  be  subin- 
fections ;  that  is  to  say,  milder  bacteria  that  get  through  the  sur- 
face and  get  into  the  glands  of  the  neck  making  enlarged  tonsils 
or  adenoids. 

As  the  result  of  the  tonsils  and  adenoids  the  children  cannot 
longer  breathe  normally  through  the  nose,  and  so  you  develop 
mouth-breathers,  and  as  the  result  of  that  the  face  comes  to  have 
an  unnatural  expression.  Thus  a  great  train  of  things  leading  im- 
mediately into  pupil  inefficiency,  and  ultimately  into  an  improper 
physical  development  comes  out  of  the  matter  of  having  the  air 
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in  the  room  unduly  dry.  The  next  thing  of  importance  is  that 
the  air  is  too  warm ;  the  air  around  your  body  is  approximately  of 
the  same  temperature  as  your  body — ^not  quite,  but  approximately. 
This  air  has  been  termed  by  Sedgwick  of  the  Massachusetts  Insti- 
tute of  Technology  the  "aerial  envelope."  If  there  is  to  be  com- 
fort and  well-being  it  is  necessary  that  the  air  should  be  moved 
out  of  that  envelope.  The  air  around  your  head  is  called  the  "air 
breathing  zone."  You  are  breathing  air  from  the  interior  of 
your  lungs  constantly  into  that  zone.  The  air  that  you  take  into 
your  lungs  is  relatively  pure ;  the  air  that  you  pour  out  contains 
a  moderate  amount  of  body  waste.  Now,  then,  the  question 
whether  it  is  to  hang  around  your  head  or  whether  it  is  to  get  out 
of  reach  of  your  nose  is  going  to  be  solved  by  the  temperature  of 
the  air  around  you. 

If  the  air  around  your  head  is  over  72  to  75  degrees,  the  air 
that  you  breathe  out  hangs  right  around  you,  and  you  breathe  it 
right  in  again,  not  diluted.  You  have  heard  much  about  this 
matter  of  diluting  carbon  dioxide  until  it  is  harmless.  The  air 
that  has  just  been  breathed  out  will  be  breathed  back  again,  not 
diluted  up  to  one  to  ten  thousand,  or  ten  to  ten  thousand,  but 
about  four  per  cent  carbon  dioxide.  That  means  that  you  will 
be  materially  harmed  by  this  pollution  of  the  breathing  zone. 

In  order  that  the  breathing  zone  and  Sedgwick's  "aerial  en- 
velope" may  be  properly  cleansed  it  is  necessary  that  the  tem- 
perature of  the  room  should  be  below  70  degrees;  about  68 
degrees  is  the  proper  temperature  for  the  room.  When  the  tem- 
perature goes  over  70  degrees,  the  air  is  befouled  and  the  people 
suffer  to  the  maximum  degree  from  that  befouling.  But  things 
are  a  good  deal  worse  than  that. 

The  latest  work  on  ventilation  was  that  of  Leonard  Hill,  and  he 
demonstrated  that  for  proper  ventilation  there  is  an  absolute 
necessity  that  the  air  of  a  room  should  move  with  sufficient  force 
so  that  its  movement  can  be  felt. 

Now,  you  all  know  that  the  schoolrooms  that  you  have  been 
teaching  in  are  schoolrooms  where  an  effort  has  been  made  to  so 
slow  down  air  currents  so  that  they  cannot  be  felt ;  and  here  comes 
Leonard  Hill  with  a  last  word,  and  the  best  word  on  ventilation, 
who  says  that  there  is  a  necessity  that  the  air  in  schoolrooms 
should  move  so  actively  that  it  can  be  felt,  and  we  have  been 
working  entirely  on  the  wrong  principle. 

There  is  a  necessity  that  the  air  should  not  be  uniform.  The 
human  body  needs  the  stimulus  that  comes  from  air  that  is  ununi- 
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form.  We  need  to  have  the  physical  side  whipped  ^p  from  time 
to  time  by  air  that  is  cold  enough  to  stimulate  the  body  as  it 
strikes  it ;  and  that  means  that  an  apparatus  or  device  that  strives 
to  maintain  the  temperature  of  a  room  evenly  at  70  degrees,  all 
through  the  day,  will  do  harm  unless  there  is  installed  somewhere 
a  means  of  correcting  that  uniformity.  The  means  usually  sug- 
gested IS  that  when  the  pupils  have  gone  out  at  recess  or  at  their 
dinner  hour  the  windows  of  the  room  shall  be  thrown  open. 

How  does  all  of  this  make  for  efficiency?  I  dare  say  that  all 
of  you  have  noticed  that  the  first  hour  after  school  begins  in  the 
morning,  it  is  relatively  easy  to  teach ;  that  concentration  on  the 
part  of  the  pupils  is  not  a  difficult  matter ;  that  you  get  99  per 
cent  of  efficiency  after  the  first  edge  is  off.  But  in  the  second 
hour,  and  particularly  in  the  third  hour,  that  there  is  a  decrease 
in  this  capacity  for  concentration;  that  it  becomes  increasingly 
difficult  for  the  pupil  to  learn ;  that  it  becomes  increasingly  diffi- 
cult for  the  teacher  to  teach.  A  large  part  of  this  comes  from  the 
fact  that  the  pupils  cannot  maintain  concentration  through  a 
prolonged  period,  though  a  considerable  part  of  it  is  due  to  the 
fact  that  there  is  a  sameness  of  temperature  and  a  sameness  of 
air  movement,  or  a  lack  of  air  movement  during  these  several 
hours.  This  lack  of  edge  will  be  done  away  with,  for  your  pupils 
by  varying  the  temperature,  by  having  an  unevenness  of  air 
movement 

I  was  at  the  Illinois  Federation  of  Women's  Clubs  meeting 
awhile  ago,  and  one  of  the  striking  things  that  I  noticed  was  that 
at  intervals  of  less  than  one  hour,  all  of  the  ladies  were  instructed 
to  stand  up  and  stir  about  a  bit  while  the  windows  were  being 
thrown  open.  I  was  at  the  National  Association  for  the  Preven- 
tion of  Infant  Mortality  meeting  just  ten  days  ago,  and  there  the 
same  system  was  employed,  and  I  believe  it  to  be  one  of  the  wis- 
est customs  that  I  have  seen,  certainly  that  I  have  recently  seen. 

I  believe  you  will  be  interested  in  knowing  what  you  can 
do  specifically  with  the  buildings  that  you  are  now  teaching  in 
since  probably  the  majority  of  you  have  got  to  continue  to  teach 
in  just  those  buildings,  in  just  those  rooms. 

In  the  first  place  you  can  see  to  it  that  the  temperature  stand- 
ard of  the  rooms  in  which  you  teach  is  held  at  70  degrees,  or 
better  at  a  little  under  70  degrees,  about  68  degrees ;  that  the  win- 
dows are  thrown  open  several  times  during  the  day,  and  that  your 
schoolrooms  are  blown  out.  It  is  not  a  difficult  matter  to  install 
apparatus  for  the  discharge  of  steam  into  the  incoming  air,  and  in 
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this  way  even  with  the  present  type  of  construction,  it  is  possible 
to  bring  your  schoolroom  humidity  from  about  20  to  25,  where 
it  is  now,  up  to  40  and  50.  You  should  carry  it  to  a  point  where 
the  windows  sweat,  and  in  cold  weather  the  windows  frost. 

With  a  proper  type  of  construction,  one  that  provides  for  heat- 
ing the  outside  wall,  you  could  bring  the  humidity  up  to  60  or  70 
before  the  wall  sweating  becomes  troublesome.  If  it  is  not  possi- 
ble to  introduce  wet  steam  into  the  incoming  air,  the  best  thing 
you  can  do  is  to  provide  various  kinds  of  evaporating  apparatus 
in  your  rooms — ^and  there  are  many  of  these.  Cans  of  water  do 
fairly  well ;  apparatus  that  hangs  on  the  radiator  does  fairly  well. 
With  none  of  these  will  you  succeed  in  bringing  the  humidity  of 
your  rooms  over  40.  Still  it  is  a  considerable  and  material  im- 
provement over  the  conditions  that  now  prevail. 

Another  thing  that  could  be  done  in  a  great  many  instances  is 
to  install  fans  in  the  room.  Electric  fans  that  stir  up  the  air  in 
the  room  will  blow  it  around  with  enough  force  to  clean  the 
breathing  zone,  and  that  is  easily  done  in  the  prevailing  type  of 
schoolroom. 

Another  very  important  thing  is  that  every  room  should  have 
one  or  more  thermometers,  and  it  should  be  a  part  of  the  duty  of 
somebody  occupying  that  schoolroom  to  make  and  record  an 
hourly  observation  of  the  temperature;  not  at  one  place  in  that 
room,  but  taken  at  different  places,  at  different  heights  above  the 
floor,  at  different  points  along  the  wall  so  as  to  get  a  fair  average 
of  conditions  that  prevail  on  the  inside  walls  as  well  as  the  out- 
side walls.  And  another  thing  that  you  can  readily  do  is  to  provide 
a  second  thermometer  right  by  the  side  of  the  first ;  take  one  of 
these  as  a  wet  bulb  thermometer,  or  else  purchase  a  dry  and  wet 
bulb  thermometer,  or  in  other  words,  a  hygrometer,  and  make  use 
of  that  in  your  schoolrooms.  I  am  sure  that  you  would  be  sur- 
prised. I  have  probably  a  thousand  letters  from  people  in  the 
Upper  Mississippi  valley  who  during  this  season  for  the  first 
time  have  taken  account  of  the  humidity  that  has  been  prevailing 
in  places  where  they  were,  and  they  were  dum  founded  to  find  the 
dryness  of  the  air  in  which  they  have  been  working. 

We  know  that  the  average  school  child  is  underfed,  and  par- 
ticularly underfed  in  those  food  substances  that  make  for  nutri- 
tion. We  know  that  the  average  school  child  is  forced  to  breathe 
air  that  is  polluted,  and  in  this  way  the  nourishment  that  it  gets 
does  not  properly  nourish.  We  know  as  the  result  of  experiences 
that  run  into  the  hundreds  of  thousands  that  the  disposition  to 
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punish  a  child  for  its  mental  deficiencies  and  oftentimes  for  its 
soul  defects  does  not  spring  from  mental  conditions,  but  is  the 
result  of  physical  defects,  is  the  result  of  things  that  the  child 
cannot  control  and  is  not  in  any  way  responsible  for. 

It  is  of  importance  from  the  standpoint  of  school  economy. 
Mrs.  Young  tells  us  that  repeaters  are  responsible  for  a  waste  of 
$275,000  a  year  in  the  city  of  Chicago;  and  educators  of  large 
experience  say  that  90  per  cent  of  repeaters  are  such  by  reason  of 
physical  defects.  It  is  of  consequence  from  other  standpoints. 
The  child  that  is  not  feeling  well,  that  has  teeth  that  are  aching, 
that  cannot  properly  chew  its  food  because  of  bad  teeth,  that  does 
not  rest  well  by  reason  of  being  a  mouth-breather,  that  by  reason 
of  one  of  these  or  several  of  these  combined,  is  not  able  to  main- 
tain itself  in  the  schoolroom,  loses  interest  in  its  studies,  and 
presently  begins  to  drop  away ;  first,  tardy  and  then  staying  away 
more  or  less  uncertainly  for  a  day,  and  then  staying  away  more 
or  less  viciously  for  a  day  or  more  than  a  day.  Presently  the  child 
before  finishing  its  grades,  and  certainly  before  having  gone  into 
the  high  school,  has  dropped  out  of  school.  Then  that  child  goes 
into  trade,  and  thus  it  influences  the  price  of  labor  and  influences 
the  price  of  commodities;  and  then  that  child  goes  into  citizen- 
ship. 

We  have  heard  of  the  loss  from  bad  school  children ;  the  loss 
from  waste  in  school  children.  We  have  heard  of  the  loss  of 
labor  from  working  immature  school  children,  but  they  are 
nothing  as  compared  with  the  blight  of  men  and  women  who  are 
exercising  the  franchise,  who  are  influencing  legislation,  who 
are  influencing  judicial  decisions,  who  are  influencing  public  opin- 
ion, who  are  deciding  what  shall  be  done  with  children,  who  are 
deciding  what  shall  be  done  with  derelicts  in  society. 

In  the  solution  of  these  problems  there  are  men  and  women 
that  bring  to  them  the  highest  of  motives  and  the  purest  of  souls ; 
men  that  bring  to  them  minds  that  are  balanced  and  sane  and 
trained.  But  in  the  solution  of  these  problems  there  are  other 
men  and  other  women  that  bring  to  them  the  point  of  view  of  the 
people  that  have  come  up  in  the  shadows  and  that  speak  from 
without  the  dark ;  and  these  voices  of  neglected  men  and  women 
are  determining  these  questions  to  the  sorrow  and  to  the  waste 
of  our  land,  in  greater  measure  than  they  are  being  determined  by 
the  brighter  minds  and  purer  souls.  Thus  in  far  greater  measure 
than  in  any  other  is  bad  ventilation  and  its  blight  being  writ  in 
the  history  of  human  affairs. 
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HOW  TO  MAKE  BOTANY  INTEBE8TING  TO  B0T8  AND  GIBLS 
BEABED  IN  A  OITT. 

By  a.  F.  Ewers, 
McKinley  High  School,  St  Louis, 

The  child  reared  in  the  city  has  an  environment  which  separates 
him  almost  completely  from  those  influences  which  tend  to  de- 
velop the  healthy,  normal  child  of  the  small  town  or  rural  com- 
munity. No  regular  home  duties  are  his  to  perform ;  no  assistance 
rendered  father  and  mother  in  the  daily  tasks  that  maintain  the 
home ;  no  feeling  of  partnership  and  responsibility  in  the  cares 
and  labors  that  burden  the  family  head.  His  life  is  filled  with  ex- 
citements. He  is  awakened  in  the  morning  by  the  newsboy  crying 
out  some  sensational  bit  of  news,  and  as  he  leaves  school  in  the 
afternoon  the  "Extra  Sporting  Edition"  is  just  off  the  press.  On 
all  sides  he  is  surrounded  by  the  artificial ;  man's  work,  wonder- 
ful, magnificent,  and  awe-inspiring,  makes  a  deep  impression  on 
him,  while  God's  work,  stunted,  distorted,  and  robbed  of  all  its 
beauty,  is  but  little  noticed  by  him.  Dwarfed  trees,  with  trunks 
and  branches  covered  with  soot  and  grime,  with  leaves  shaded  by 
buildings,  and  with  roots  buried  beneath  brick  pavements  and 
cement  walks,  grouped  together,  form  his  mental  picture  of  a 
majestic  forest.  A  closely-cut  lawn  of  a  few  square  feet  is  the 
city  child's  real  view  with  which  he  must  build  in  imagination  to 
see  before  him  the  broad  sweep  of  meadow  land.  A  narrow 
back  yard  surrounded  by  a  high  board  fence  with  sheds  and  ash 
pit  in  the  rear,  with,  perhaps,  a  lilac  bush  in  one  corner  and  a  bed 
of  geraniums  in  the  center,  forms,  very  often,  the  "deep  tangled 
wildwood,"  which  city-bred  children  in  their  "infancy  knew." 
With  no  knowledge  of  the  wonderfur  plant  world,  but  with  the 
belief,  born  of  ignorance,  that  the  dwarfed,  mutilated,  soot-be- 
grimed vegetation  seen  along  the  city  streets  composes  the  great 
world  of  nature,  the  city  pupil  enters  the  class  room  to  begin  his 
work  in  the  study  of  botany.  A  wise  teacher  once  said  that  a 
man  must  be  "born  again"  in  order  to  realize  the  full  benefit  of 
his  teaching,  and  to  the  successful  botany  teacher  comes  the 
problem  of  so  adjusting  his  teaching  that  the  child's  conception  of 
the  world  of  plant  life  is  "born  again." 

I  believe  that  the  work  of  the  first  month,  at  least,  should  con- 
sist of,  what  we  may  term,  seeing  lessons.  These  seeing  lessons 
should  begin  with  most  familiar  plants,  and  the  child  should  have 
put  before  him,  not  a  part  of  a  plant,  but  the  whole  plant.    The 
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work  on  these  plants  should  be  conducted  more  along  the  line  of 
nature  study  work  and  no  attempt  made,  as  yet,  to  make  it  purely 
scientific.  Every  interesting  thing  concerning  these  plants  that 
will  tend  to  correct  the  child's  warped  notion  regarding  plant  life 
should  be  brought  out,  comparisons  between  plants,  work  of  dif- 
ferent parts,  advantages  and  disadvantages  of  different  forms,  to- 
gether with  a  study  of  habits,  history,  and  use.  Make  the  range 
as  wide  as  possible,  and  do  not  neglect  to  call  attention  to  water 
plants,  algse  and  fungi.  Encourage  pupils  to  bring  in  specimens. 
Call  the  attention  of  the  classes  to  specimens  brought  in  and  make 
every  possible  use  of  them.  Get  them  started  in  the  search  of 
fungous  plants  and  they  will  learn  more  about  the  whole  vege- 
table world  by  seeing  things  with  their  own  eyes  than  in  any 
other  way.  Our  pupils  brought  in  a  large  quantity  of  fungous 
growths  during  the  fall  months,  and  some  of  them  were  so  in- 
terested that  they  examined  nearly  all  the  trees  in  Tower  Grove 
Park  in  search  of  specimens. 

On  the  first  Saturday,  and  every  Saturday  thereafter  when 
the  weather  permits,  the  teacher  should  conduct  field  trips.  There 
is  nothing,  in  my  estimation,  that  creates  a  greater  and  more 
abiding  interest  in  the  subject.  There  is  nothing  that  aids  so  much 
in  correcting  the  child's  view  of  nature  as  a  carefully  conducted 
field  trip.  Some  city  teachers  say  that  field  trips  are  impossible, 
but  this  is  a  mistaken  idea.  The  conveniences  afforded  by 
suburban  lines  for  getting  out  into  favorable  regions,  at  little  ex- 
pense, are  all  that  can  be  desired.  Won't  the  children  go  ?  If  not, 
something  is  wrong  with  the  teacher.  Nothing  is  more  contagious 
than  rightly  conducted  field  trips.  Pupils  will  change  their  hours 
for  music  lessons,  will  give  up  dancing  lessons,  will  do  their  home 
work  evenings,  that  they  may  have  Saturday  at  their  disposal. 
True,  not  all  pupils  can  go,  but  such  a  large  percentage  will  re- 
ceive a  benefit  from  these  trips  as  to  increase  materially  the  inter- 
est of  the  whole  class  and  raise  the  standard  of  the  work.  On  our 
first  Saturday  trip  last  fall  we  had  sixteen  students  with  us.  The 
pupils  made  a  written  list  of  the  plants  we  found  and  noted  their 
location  and  environment.  During  the  week  we  talked  about  these 
plants,  and  the  conditions  under  which  they  were  growing.  The 
next  Saturday  we  more  than  doubled  in  numbers  and  all  the 
pupils  returned  enthusiastic  students.  On  these  trips  we  had 
pupils  who  were  taking  their  first  ride  on  a  railway  train,  pupils 
who  had  never  seen  a  plow  turning  the  soil  or  a  field  made  ready 
for  planting.     Picture  the  pleasure  and  profit  that  these  would 
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receive  from  a  tramp  through  the  big  woods,  examining  the  bark 
and  leaves  of  trees,  gathering  the  flowers  of  the  lobelia  and  aster, 
making  bouquets  of  the  bitter-sweet  and  coral-berry,  and  attempt- 
ing to  satisfy  a  hunger  more  keenly  felt  than  usual  because  of  the 
exercise  and  fresh  air  by  eating  wild  crabs,  plums,  and  persim- 
mons. 

On  these  field  trips  material  is  collected  and  pictures  are  taken. 
The  material  is  used  in  the  class  room  and  everything  that  can 
be  found  out  about  the  specimens  is  talked  over  in  class.  The 
pictures  are  made  into  lantern  slides  and  have  far  more  interest 
for  the  pupils  than  those  purchased.  From  these  lantern  slides 
a  more  detailed  study  of  plant  colonies  and  special  features  may 
be  made  and  the  same  spot  revisited  with  added  interest  and 
profit.  I  know  that  field  trips  are  both  possible  and  profitable, 
and  believe  them  to  be  the  greatest  factor  in  creating  a  healthy, 
human  interest  in  the  subject  of  botany.  Without  them,  the  stu- 
dent labors  through  a  course  of  class  room  botany  and  finishes 
thinking  that  plants  exist  that  teachers  may  perform  experiments. 

In  conducting  laboratory  work  there  are  several  methods  of 
procedure.  Some  save  the  teacher  time  and  trouble,  while  others 
take  time  and  make  trouble  for  the  teacher  but  give  to  the  pupil 
a  live  working  interest  in  what  he  is  doing.  I  have  seen  in  well- 
equipped  laboratories,  fitted  with  all  the  apparatus  necessary  for 
individual  work,  the  teacher  doing  the  work  while  the  pupils 
look  on.  This  is  an  easy  way,  no  noise  in  the  room  as  but  one 
person  is  working  and  he  knows  how  to  work  quietly.  But  how 
about  the  interest  of  the  pupils  ?  Allow  pupils  to  take  the  mate- 
rial and  apparatus  and  do  this  work  for  themselves;  watch  the 
expression  upon  the  faces  of  those  who  are  doing  something 
themselves  and  compare  with  the  faces  of  those  who  are  seeing 
it  done  for  them,  and  you  will  decide  that  interest  and  some  noise 
in  a  workroom  is  more  advantageous  to  a  pupil  than  less  inter- 
est and  less  noise  in  a  laboratory  where  the  teacher  is  the  star  per- 
former. 

In  one  large  high  school,  I  found  the  teacher  directing  the  work 
from  the  very  beginning  by  the  means  of  typewritten  outlines. 
His  pupils  had  just  left  the  grade  schools  and  this  method  of 
working  from  an  outline  in  which  they  were  directed  to  take 
strange  material  and  with  strange  apparatus  do  certain  strange 
things  was  as  foreign  to  them  as  the  subject  was  new.  For  in- 
stance, they  read:  "With  a  scalpel  cut  a  soaked  kernel  of  com 
in  two  lengthwise  through  the  groove.    Examine  the  cut  surface 
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and  describe  in  your  notebooks  what  you  find."  The  pupils  were 
doing  the  work  in  a  mechanical  manner  with  a  bored  expression 
upon  their  faces.  In  another  high  school,  I  found  the  teacher 
doing  the  same  work  with  the  same  grade  of  pupils  in  a  different 
way.  Instead  of  sitting  indifferently  at  his  desk,  he  was  stand- 
ing near  the  center  of  the  room.  His  face  plainly  manifested  a 
lively  interest  in  what  the  pupils  were  doing,  and  he  was  directing 
orally  their  work.  When  he  gave  the  directions  about  the  cutting 
of  the  grain  and  then  said :  "Examine  the  cut  surface,"  you  could 
gather  by  his  tone  that  they  would  find  something  worthy  of  their 
search  and  every  pupil  was  eager  to  be  the  first  to  find  it.  Hands 
began  to  spring  up  all  around  as  bright  eyes  saw  for  the  first 
time  the  parts  contained  within. 

Every  teacher  knows  that  a  very  small  number  of  his  pupils 
will  enter  college,  indeed,  but  a  small  percentage  will  finish  the 
high  school  course.  He  has  the  right  to  assume  that  most  of  them 
will  live  their  lives  in  the  city  and  that  many  of  them  will  own 
homes  with  small  plats  of  ground  which  they  may  cultivate  or 
neglect.  Should  the  pupil  who  finishes  a  course  in  botany  in  a 
city  high  school,  know  better  what  to  plant,  how  to  plant,  and 
when  to  plant,  than  his  neighbor  who  left  school  when  in  the 
grades?  Does  it  interest  a  high  school  pupil  to  know  that  he 
can  hide  ugly  fences  and  ash  pits  with  vines  and  shrubbery  ?  That 
he  can  turn  his  bare  back  yard  into  a  lovely  retreat  by  the  proper 
arrangement  of  spireas,  lilacs,  gooseberries,  currants,  viburnums, 
dogwoods,  and  sumachs?  And  what  a  splendid  opportunity  the 
city  teacher  has  to  make  this  work  possible.  In  the  parks  and 
gardens  are  the  various  shrubs,  and  from  these  may  be  learned 
the  peculiar  characteristics  of  each,  together  with  its  fitness,  value, 
and  place,  in  a  shrubbery  mass.  As  our  high  school  student  and 
his  neighbor,  who  did  not  finish  the  grades,  now  men,  stroll 
through  the  parks  together,  ought  not  the  first  to  know  more 
about  the  trees,  shrubbery,  and  flowers,  found  growing  there, 
with  something  of  their  enemies  and  diseases,  their  habits,  value, 
and  care,  than  the  latter? 

A  summary  of  what  I  believe  will  create  an  interest,  in  the  sub- 
ject of  botany,  in  children  reared  in  the  city  is  as  follows.  Lead 
the  students  to  an  appreciation  of  plant  life  by  making  the  be- 
ginning work  more  in  the  line  of  nature  study.  Emphasize  and 
encourage  field  work.  Make  your  personality  count  in  conducting 
laboratory  work.  Bring  into  your  course  a  knowledge  of  how  to 
use  plants  to  a  practical  end. 
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THE  OOBBELATION  OF  HIGH  SCHOOL  0HEMI8TBY  AND 
DAILY  LIFE.' 

By  John  C.  Hessler, 
James  Millikin  University,  Decatur,  III. 

The  topic  of  the  symposium  relates  itself  immediately,  as  I 
see  it,  with  the  important  movement  gathering  head  throughout 
our  country  to  conserve,  in  ways  and  to  an  extent  undreamed  of 
by  the  fathers,  the  life,  the  effort,  and  the  resources  of  our  peo- 
ple. No  phase  of  the  conservation  movement  is  more  promising 
than  the  attacks  being  made  upon  the  strongholds  of  drudgery. 
If  man's  activities  be  classified  into  play  and  work,  then  drudgery 
is  zvork  gone  io  seed.  Its  characteristic  is  performance  without 
motive ;  hence  it  is  monotonous,  unrelated  to  creative  work,  and 
incapable  of  being  performed  with  enthusiasm.  We  have  yet  to 
learn,  as  a  people,  that  no  one  does  us  a  greater  service  than  he 
who  finds  a  way  of  injecting  into  the  thousand  monotonous  tasks 
that  must  be  performed  in  the  kitchen  and  the  factory,  and  on 
the  farm,  the  purpose  and  satisfaction  of  real  work,  coupled  with 
some  of  the  exhilaration  of  play. 

Now,  the  modern  educator,  in  studying  the  activities  of  the 
child,  finds  that  drudgery  is  not  confined  to  kitchen,  farm,  and 
factory.  With  an  industrial  system  entailing  so  much  monotonous 
labor  for  the  adult,  it  is  not  surprising  that  the  work  of  the  school 
is  found  to  be  full  of  drudgery  for  the  child.  Here,  again,  we 
have  a  multitude  of  tasks  performed,  not  with  the  interest  in- 
herent in  play,  nor  with  the  purpose  of  significant  labor,  but 
rather  with  only  one  object ;  to  meet  the  demand  of  the  master — 
the  teacher.  No  teacher  can  have  failed  to  see,  and  to  deplore, 
the  character  of  work  done  on  so  low  a  plane,  and  with  so  arbi- 
trary a  standard.  The  teacher  may  not  lightly  recommend  that 
the  pupil  drop  a  course  in  which  he  is  not  interested.  The  point 
to  be  noted  is  that  the  nature  of  the  pupil  requiring  teaching,  the 
equipment  of  the  school  for  teaching,  and  the  experience  and 
training  of  the  teacher  constitute  resources  of  our  civilization,  and 
they  must  be  conserved  if  that  civilization  is  to  accomplish  its 
purpose.  Teacher,  pupil,  and  school  must  remain  together  long 
enough  to  permit  the  transformation  of  the  untrained  child  into 
the  useful,  thinking,  self-governing  citizen.  To  this  end  the 
teacher  must  find  motives  which  will  infuse  into  school  work  the 


iRead  before  the  chemistry  section   of  the  Central  ABtodation.   I^wis  Institute. 
Chicaffo.  Dec.  1. 1911. 
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interest,  the  purpose,  and  the  methods  that  obtain  in  work  which 
the  child  considers  worth  the  doing. 

The  need  of  motivation  is  not  confined  to  the  grade  schools, 
nor  to  nonscientific  subjects.  Nowhere  are  motives  more  needed 
to  give  enthusiasm  and  purpose  than  in  the  laboratory  sciences. 
When  laboratory  work  was  introduced  into  the  high  schools, 
the  argument  for  its  adoption  was  that  it  would  stimulate  the 
interest  of  the  pupil,  for  the  reason  that  he  would  be  able  to 
repeat  the  experiments  of  the  great  masters  of  science,  and  so 
have  a  practical  basis  for  applying  to  daily  life  what  must  other- 
wise remain,  for  him,  merely  wonderful,  unrelated  facts.  But 
an  experience  of  some  years  in  teaching  chemical  science  con- 
vinces me  that  the  attitude  of  the  average  pupil  to  science  is  in 
no  way  different  from  his  attitude  toward  other  studies.  As  with 
mathematics,  language,  and  history,  so  with  chemistry ;  the  aver- 
age pupil  does  not  work  with  enthusiasm,  as  though  compelled 
by  self-interest,  but  mechanically,  and  in  the  least  finished  way 
which  the  teacher  will  accept.  This,  be  it  understood,  applies  to 
all  schools,  even  to  the  universities.  The  task  is  done  essentially 
to  pass  the  criticism  of  the  teacher,  not  to  attain  to  a  standard 
of  excellence  set  up  by  the  student  himself.  Because  the  stimulus 
is  all  from  the  teacher,  the  student  does  not  think  of  articulating 
either  text-book  lesson  or  laboratory  exercise  with  other  knowl- 
edge. Least  of  all  does  he  think  of  the  school  task  as  he  would 
of  similar  work  in  the  world  outside.  For  him  each  lesson  is  an 
isolated  exercise  to  be  learned,  each  course  a  nightmare  to  be 
successfully  "passed"  and  never  heard  of  more.  No  wonder  that 
we  cannot  get  our  pupil  to  remember  his  exercises  from  day  to 
day,  and  that  we  find  him  entering  each  new  course  with  a  mini- 
mum of  knowledge  and  experience  from  the  one  that  preceded  it. 

What  are  the  causes  of  the  pupil's  attitude  toward  the  science 
studies,  and  particularly  toward  chemistry?  At  the  risk  of  dupli- 
cation and  of  omission  I  give  the  causes  as  four  in  number : 

1.  The  idea  that  there  is  no  vital  connection  between  chemis- 
try as  taught  and  as  applied  in  the  activities  of  the  home,  the  farm, 
the  factory,  and  the  community  is  borne  in  upon  the  pupil,  not 
only  by  his  own  observation,  but  by  the  attitude  of  the  school,  the 
home,  and  the  people  at  large. 

2.  The  character  of  the  topics  studied,  or  not  studied,  in  the 
high  school  course  of  chemistry.  The  most  interesting  things, 
from  the  point  of  view  of  curiosity,  are  left  out. 

3.  The  logical  arrangement  of  the  chemistry  course  makes  it 
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a  mechanism  that  is  *'good"  for  the  pupil,  but  for  which  the  pupil^ 
as  he  is  not  in  the  secret,  cannot  see  the  reason. 

4.  The  strict  differentiation  of  chemical  science  from  physical 
and  biological  science  and  the  natural  inference,  on  the  part  of 
the  pupil,  that  it  is  also  differentiated  strictly  from  the  science 
of  common  life. 

The  operation  of  the  first  cause — remoteness  of  the  work  done 
in  the  laboratory  from  that  done  in  real  living — ^may  be  looked  at 
from  several  angles.  One  observation  is  that  the  laboratory  ap- 
paratus is  totally  different  in  form  from  the  apparatus  with  which 
the  child  is  familiar.  Again  and  again  have  I  noted  that  girls 
specializing  in  domestic  science,  who  were  using  the  gas  stove 
daily,  failed  to  recognize  it  as  a  Bunsen  burner.  This  is  proba- 
bly an  extreme  case,  but  it  illustrates  well  the  lack  of  correlation 
in  the  mind  of  the  student  while  he  is  performing  his  laboratory 
work.  The  remedy  here,  it  seems  to  me,  is  to  call  attention,  by 
actual  demonstration  of  the  commercial  and  household  forms  of 
our  laboratory  equivalents,  to  the  relation  between  the  two.  The 
teacher  makes  a  mistake  if  he  sends  the  pupil  to  the  business  men 
dealing  in  the  commercial  forms  of  apparatus.  Even  if  these 
merchants  understand  fundamental  principles,  and  they  rarely  do^ 
they  either  cover  their  knowledge  with  technical  jargon,  or  re- 
fuse to  take  the  questions  of  the  pupil  seriously. 

To  take  another  illustration:  Our  chemistry  courses  give  the 
properties  and  reactions  of  water,  but  they  do  not  go  into  sufficient 
details  regarding  water  in  the  house.  We  cannot  assume  that 
the  pupil  knows  the  details  of  a  water  or  plumbing  system,  neither 
can  we  tell  him  to  go  to  his  home  to  find  out.  Most  pupils,  es- 
pecially girls,  to  say  nothing  of  the  parents  of  pupils,  are  afraid 
to  dissect  apparatus  in  actual  use  because  they  are  not  certain 
they  can  replace  the  parts  correctly.  Will  it  detract  seriously 
from  the  value  of  the  study  of  water  if  the  teacher  shows,  by- 
actual  dissection,  the  construction  and  use  of  meter,  filter,  faucet,, 
trap,  heater  and  tank,  and  the  methods  used  to  secure  water- 
tightness  in  the  system?  We  hurry  over  such  topics  too  rapidly, 
taking  things  for  granted,  forgetting  that  some,  at  least,  of  our 
pupils  do  not  have  access  to  all  these  modern  improvements,  or, 
if  they  do,  they  see  only  the  exterior,  and  have  no  conception  of 
the  way  in  which  the  mechanism  works. 

As  the  second  cause  of  "severed  relations"  between  chemistry 
and  common  life  I  have  placed  the  character  of  the  subjects  stud- 
ied, or  NOT  studied,  in  our  modern  chemical  courses.    The  earlier 
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lecture  course  method  of  chemical  teaching  was  full  of  showy 
experiments,  in  which  changes  of  color,  sudden  explosions,  and 
noxious  odors  played  leading  roles.  The  student  who  was  per- 
mitted to  work  in  the  laboratory  repeated  these  experiments,  or 
devised  new  ones  of  the  same  pyrotechnic  sort.  The  result  was 
no  end  of  interest,  but  little  real  insight  into  the  methods  of  the 
science.  What  impresses  one  who  knew  the  earlier  method  is  the 
list  of  substances  not  prepared  in  the  modern  course.  Exigencies 
of  large  classes,  and,  more  important,  danger  to  life,  limb,  and 
eye,  have  driven  out  of  the  course  practically  all  experiments  with, 
and  preparation  of  unstable  compounds.  A  science  that  was  once 
all  life  and  energy  has  become  respectable,  safe,  and  prosaic.  I 
am  not  contending  that  our  selection  of  topics  is  not  better  than 
the  old  one,  but  I  do  assert  that  it  has  not  equally  strong  motives 
of  interest  for  the  pupil.  Can  we  find  motives  that  will  furnish  as 
real  a  stimulus  for  the  determination  of  the  equivalent  weights  of 
magnesium  and  hydrogen,  for  the  weight  of  a  liter  of  oxygen, 
and  for  the  study  of  solutions,  as  for  the  preparation  of  nitrogen 
iodide,  chlorine  dioxide,  and  nitroglycerine?  I  believe  we  can, 
but  it  goes  without  saying  that  we  must  appeal  to  a  deeper  inter- 
est. For  one  thing,  we  need  to  restore  some  of  the  rejected  topics 
of  the  earlier  science.  To  illustrate :  The  average  pupil  in  chem- 
istry knows  nothing  about  an  electric  battery,  even  if  he  has 
studied  physics.  His  supply  of  current  came  out  of  wall,  floor, 
or  ceiling.  He  knows  nothing  of  electric  charges,  because  the 
study  of  frictional  electricity  has  been  cast  aside.  Even  the  most 
fundamental  physical  phenomena  are  nothing  to  him.  A  recent 
text-book  uses  the  abnormal  osmotic  pressures  of  aqueous  salt 
solutions  as  evidence  of  dissociation  in  solution,  but  nowhere  de- 
fines or  describes  osmotic  pressure. 

It  is  vain  for  the  chemistry  teacher  to  say  that  problems  of  san- 
itation belong  to  household  science  and  those  of  osmotic  pressure 
to  physics.  Pupils  studying  chemistry  may  not  have  taken  domes- 
tic science  and  physics,  or  if  they  have  studied  these  subjects,  may 
not  have  understood  them  owing  to  lack  of  knowledge  of  the 
chemical  principles  involved.  We  must  remember  that  the  aver- 
age pupil,  in  spite  of  the  advanced  mechanical  and  commercial 
age  into  which  he  is  born,  takes  about  as  long  for  his  develop- 
ment as  his  grandfather  before  him,  and  he  cannot  overleap  all 
the  intermediate  stages  of  scientific  thought  without  being  hope- 
lessly stranded. 

My  third  cause  was  the  logical  system  according  to  which 
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chemistry  is  presented.  No  one  would  insist  more  than  I  upon  a 
rationally  consecutive  order  of  topics  for  the  formal  course  in 
chemistry.  But  it  does  not  follow,  after  a  general  plan  has  been 
adopted  by  the  teacher,  that  all  the  pupils  need  exactly  the  same 
chemical  pabulum  from  day  to  day.  Most  have  preferences,  and 
we  do  our  work  with  best  results  when  these  preferences  receive 
some  consideration.  The  logical  order  is  not  the  order  in  which 
we  become  acquainted  with  common  substances.  Milk,  butter, 
flour,  meat,  wood,  stone,  porcelain,  cloth,  these  are  much  more 
natural  to  us  than  hydrogen  and  chlorine.  Even  natural  water 
and  air  are  very  complex.  We  begin  chemistry,  and  I  believe 
correctly,  with  the  study  of  gases,  but  the  gaseous  condition  is  not 
readily  comprehended.  Hence,  when  we  present  to  the  pupil 
hydrogen  and  oxygin,  while  we  are  really  choosing  the  simplest 
forms  of  matter,  we  appear  to  be  taking  those  farthest  removed 
from  common  experience.  The  remedy  is  to  prepare  not  two, 
but  many  gases,  and  to  show  their  resemblances  and  their  easily 
demonstrated  differences,  so  that  the  pupil  can  get  a  more  definite 
conception  of  what  we  mean  by  a  gaseous  substance. 

But  I  believe  a  more  radical  departure  still  must  be  made  from 
the  strictly  logical  order  to  bring  chemistry  "back  to  the  people." 
To  return  again  to  the  topic  of  "water,"  there  are  few  regions  in 
which  there  are  hot  several  sources  of  the  supply.  The  tests  for 
chlorides,  nitrites,  sulphates,  organic  matter,  and  hardness  are 
easily  made.  By  means  of  miniature  water  surveys  these  tests  can 
be  applied  for  months,  instead  of  once  or  twice,  and  the  content 
of  the  water  samples  correlated  with  weather,  rain  supply,  etc. 
Milk  surveys,  butter  surveys,  studies  of  the  salt,  sugar,  vinegar, 
coffee  supplies,  of  patent  medicines,  etc.,  will  give  zest  to  the 
formal  study  of  our  science,  and  will  relate  it  to  our  community 
life.  Ultimately,  the  permanence  and  the  value  of  any  activity 
must  be  measured  by  the  community  standard. 

Such  a  synthesis  of  knowledge  would  remove  the  cause  I  have 
placed  fourth;  namely,  the  differentiation  of  the  sciences  from  one 
another.  This  differentiation,  no  matter  how  desirable  it  may 
have  been  in  the  past,  nor  how  necessary  it  may  still  seem  to  the 
investigator,  has  gone  too  far  to  be  of  benefit  to  the  pupil  in  the 
secondary  school.  This  worship  of  differentiation  was  well  ex- 
pressed by  one  of  its  devotees  when  he  stated,  in  response  to  the 
question  as  to  whether  general  science  was  desirable  for  the  first 
year  of  the  high  school,  "I  do  not  want  the  student  taught  gen- 
eral science  because  I  wish  him  to  know  what  science  he  is  study- 
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ing."  As  I  see  it,  it  is  important  for  us  to  enrich  any  science  by 
bringing  into  it  the  discoveries  and  conclusions  of  the  others. 
Biology  teachers  are  wont  to  deplore  the  inadequate  conceptions 
which  their  pupils,  not  to  speak  of  the  general  public,  get  of 
organic  evolution.  I  commend  the  "Electromotive  Series  of  the 
Metals"  to  them  as  an  illustration  of  evolution  based  upon  en- 
vironment. The  texts  usually  state  that  in  this  series  the  metals 
that  precede  replace  those  that  follow,  in  the  solutions  of  their 
salts.  This  is  an  interesting,  but  isolated,  chemical  fact.  The  series 
is  a  great  deal  more  interesting  to  the  student  if  it  is  made  to  re- 
veal other  chemical  facts.  Thus,  the  stability  of  the  oxides  de- 
creases  as  we  proceed,  so  that  only  mercury,  and  those  that  suc- 
ceed it,  can  be  obtained  by  heating  the  oxides,  hence  only  these 
metals  will  not  rust  under  natural  condi.ions.  Still  more  illu- 
minating is  the  observation  that  the  metalg  group  themselves  on 
each  side  of  hydrogen,  and  that  the  metals  that  were  to  be  used 
in  the  simple  voltaic  cell  were  definitely  conditioned  by  their  posi- 
tions in  the  series.  But  the  greatest  interest  of  all  is  aroused  when 
we  ask  what  metals  were  likely  to  be  discovered  first  by  man.  and 
what  the  order  of  the  discovery  of  the  other  metals  would  be. 
This  picture  of  the  evolution  of  industrial  civilization  is  of  suffi- 
cient interest  to  even  average  pupils  to  require  no  further  mo- 
tivating. 

To  simimarize,  then ;  to  motive  high  school  work  in  chemistry 
I  would  first  purposely  bring  in  commercial  and  domestic  ap- 
paratus and  show  its  working  in  detail,  even  if  I  had  to  sacrifice 
a  little  of  some  of  the  commonly  accepted  topics,  and,  in  the  sec- 
ond place,  I  would,  early  in  the  course,  myself  contribute,  and 
ask  the  students  to  contribute,  to  a  list  of  topics  of  a  chemical 
nature  capable  of  investigation  in  the  community  served  by  the 
school.  I  would  assign  these  topics,  as  far  as  possible  according 
to  preference  of  the  student,  for  work  during  the  whole  year,  or 
as  much  of  it  as  seemed  desirable,  for  work  of  an  investigative 
character.  Moreover,  if  I  had  to  choose,  I  would  give  the  most 
interesting  and  productive  topics  to  those  students  for  whom  the 
subject  required  the  most  motivating.  Such  work  would  do  serv- 
ice of  another  kind  not  contemplated  at  first,  viz. ;  it  would  mo- 
tive the  work  of  the  teacher  himself  and  relate  his  own  work  with 
that  of  all  the  other  significant  factors  that  make  for  a  more  sane 
and  fruitful  community  life. 
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THE  PERRY  IDEA  IN  THE  MATHEKATIOAL  OURRIOULUM. 

By  Jos.  V.  Collins, 
State  Normal  School,  Stevens  Point,  Wis. 

At  one  of  the  first  meetings  of  the  Central  Association  held  at 
Armour  Institute  seven  or  eight  years  ago  Professor  John  Perry's 
ideas  concerning  the  teaching  of  mathematics  were  presented  by 
several  speakers  and  were  received  with  enthusiasm.  So  far, 
however,  very  little  has  been  done  in  America  towards  turning 
the  attention  of  the  teachers  of  secondary  mathematics  generally 
to  Perry's  reform;  nor,  so  far  as  the  writer  knows,  has  much 
been  done  in  the  way  of  changing  courses  to  conform  to  Perry's 
ideas  even  in  our  most  advanced  schools. 

Now,  two  strong  reasons  exist  why  adopting  the  Perry  idea 
of  teaching  the  simplified  elements  of  higher  mathematics  in  sec- 
ondary schools  should  be  carried  out.  The  first  is  that  a  spiral 
course  in  mathematics  in  which  the  spiral  idea  is  not  overdone  is 
coming  more  and  more  to  be  jecognized  as  far  preferable  to  the 
strict  topical  plan  heretofore  followed  throughout  the  curriculum. 
The  second  reason  is  that  the  American  high  school  or  academy 
of  to-day  must  meet  far  different  conditions  in  the  life  of  its 
graduates  than  the  same  school  did  twenty  or  even  ten  years 
ago.  The  American  high  school  is  becoming  the  people's  col- 
lege, and,  as  such,  must  broaden  out  in  the  sweep  of  its  training, 
and  specialize  more  and  more  in  particular  subjects. 

Taking  up  the  discussion  of  the  latter  question  first ;  viz.,  that 
of  bringing  college  mathematics  down  into  the  high  schools  to 
benefit  certain  classes  of  students  who  desire  to  specialize  in 
mathematics  or  in  subjects  which  demand  much  mathematics,  it 
can  be  said  that  the  existence  of  night  schools,  correspondence 
schools,  and  university  extension  work  which  gives  courses  in 
advanced  studies  of  all  kinds  shows  a  wide  demand  for  preparation 
of  this  kind.  How  much  more  intelligently  such  work  could  be 
carried  on  if  the  student  had  bad  the  advantage  of  some  train- 
ing in  the  elements  of  the  higher  mathematics  while  still  in  the 
high  school  under  the  direct  supervision  of  trained  teachers.  Also 
how  much  more  likely  the  correspondence  student  would  be  to 
succeed  if  he  had  had  a  good  grounding  in  the  fundamental  prin- 
ciples of  the  higher  mathematics. 

Without  trigonometry  the  worker  is  almost  helpless  when  it 
comes  to  the  solution  of  a  great  number  of  problems  which  occur 
in  anything  partaking  of  the  nature  of  engineering  or  construc- 
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tion.  With  the  simplest  elements  of  trigonometry,  analytics,  and 
calculus  in  his  equipment,  the  worker  is  prepared  to  solve  almost 
any  ordinary  problem  that  is  likely  to  turn  up.  Or  if  he  is  not 
able  to  solve  it,  he  knows  where  to  place  it  and  what  he  must  learn 
to  solve  it,  in  case  it  is  soluble. 

It  seems  a  vast  pity  to  have  the  pupil  spend  ten  years  of  his 
life  learning  arithmetic,  algebra,  and  geometry,  and  then  to  draw 
a  hard  and  fast  arbitrary  line,  and  say  to  the  pupil,  thus  far  shall 
you  go,  but  no  farther,  unless  you  go  to  college  and  take  the  full 
mathematics  course.  For  educators  to  do  this  at  the  present  time 
seems  to  be  taking  an  untenable  position.  One  has  a  right  to  be- 
lieve that  it  will  be  such  in  the  long  run. 

But  perhaps  someone  is  saying  that  trigonometry,  anal)rtic 
geometry,  and  the  calculus  cannot  be  taught  to  persons  of  high 
school  maturity  of  mind  even  though  they  may  have  specialized 
in  mathematics.  To  such  one  can  reply  that  logarithms  are  being 
taught  everywhere  to  high  school  pupils,  and  there  is  nothing  in 
the  solution  of  right  triangles  by  natural  functions  nearly  so  hard 
or  abstract  as  portions  of  the  study  of  logarithms.  Very  possibly 
it  may  not  be  known  to  teachers  generally  that  all  cases  in  oblique 
triangles  can  be  solved  by  right  triangles,  as  Olney  in  his  trigo- 
nometry shows,  or  as  anyone  may  convince  himself  by  a  few 
minutes'  examination.  It  is  not  necessary  to  teach  what  is  called 
goniometry  at  all,  aside  from  explaining  the  simplest  ideas  as  to 
what  an  angle  is,  to  teach  the  solution  of  any  triangle  whether 
right  or  oblique.  Of  course  for  college  mathematics  goniometry 
is  essential.  But  virtually  any  and  every  practical  problem  likely 
to  occur  at  all  depends  on  the  solution  of  a  triangle. 

Then,  as  regards  analytics,  we  know  that  the  analytical  treat- 
ment of  the  straight  line  and  circle  and  perhaps  a  little  of  the 
other  curves  is  a  comparatively  slight  extension  over  what  the 
pupil  knows  already  from  his  study  of  graphs  in  algebra. 

But  the  best  reason  to  urge  to  satisfy  the  critic  that  not  only 
trigonometry  and  analytics,  but  also  the  calculus  can  be  taught 
to  persons  of  secondary  education  maturity  consists  in  quoting 
the  authority  of  Perry  and  of  Professor  Klein  of  Goettingen,  and 
of  many  other  eminent  teachers  who  have  tested  the  matter  for 
themselves  and  found  out  that  the  teaching  of  these  subjects  is 
feasible.  Professor  Perry  has  taken  the  trouble  to  show  exactly 
how  the  ideas  of  the  calculus  can  be  presented  most  simply. 
How  then  dare  the  secondary  teacher  set  up  his  judgment  against 
these  authorities  on  a  matter  shown  above  to  be  so  important? 
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It  might  be  added  that  some  of  our  ablest  mathematicians  have 
done  world  famous  work  while  still  not  much  beyond  the  high 
school  age.  Why  then  should  not  the  boy  specializing  in  mathe- 
matics not  be  allowed  to  know  something  of  the  simplest  ele- 
ments of  higher  mathematics?  Certainly  the  beginning  of  the 
calculus  for  a  senior  in  the  high  school  would  not  be  found  as 
hard  or  confusing  as  the  theory  of  limits  in  the  second  book  of 
geometry  for  a  second  year  student. 

The  first  reason  for  teaching  the  elements  of  higher  mathe- 
matics in  the  secondary  school  stated  at  the  beginning  of  this 
article,  viz.,  that  this  plan  introduces  a  very  desirable  moderate 
spiral  into  our  mathematics  curriculum  has  no  doubt  been  in  the 
minds  of  those  who  have  been  urging  this  innovation  as  well  as 
the  other  reason,  or  the  desirability  of  giving  this  mathematics  to 
those  who  will  probably  never  be  able  to  go  beyond  this  point  of 
mathematical  culture  in  their  studies. 

Nothing  can  be  much  clearer  than  that  a  student  taking  up  a 
new  branch  can  study  it  far  more  intelligently  if  he  knows  some- 
thing of  the  scope  and  purpose  of  the  study  before  he  begins 
it.  Every  secondary  teacher  knows  that  very  many  pupils  fail 
to  get  hold  properly  of  demonstrative  geometry  because  the  sub- 
ject is  so  different  from  anything  they  have  had.  Since  they  do 
not  know  what  it  really  is,  they  do  not  know  how  to  study  it  aright. 
The  same  thing  is  true  of  pupils  in  elementary  algebra,  though 
the  teacher  does  not  usually  realize  the  existence  of  the  pupil's 
troubles  so  clearly.  If  the  pupil  has  had  even  a  very  brief  course 
in  demonstrative  geometry  before  studying  algebra,  his  chances 
of  success  in  both  algebra  and  geometry  are  greatly  enhanced. 
In  the  same  way  teaching  the  simple  elements  of  college  mathe- 
matics in  the  secondary  school  prepares  the  student  for  very 
much  more  intelligent  and  effective  study  of  these  branches 
later  on. 

But  possibly  some  college  professor  will  rise  to  say  he  does 
not  want  his  students  taught  trigonometry,  analytics,  or  the  cal- 
culus, especially  the  latter,  since  the  pupil  is  in  danger  of  getting 
■erroneous  ideas,  which  he  would  not  have  got  if  the  professor 
only  had  taught  him  his  higher  mathematics  and  had  taught  him 
right.  The  answer  to  this  is  that  the  professor  might  just  as 
-well  object  to  the  pupil's  knowing  anything  about  arithmetic, 
algebra,  and  geometry  for  fear  he  might  have  got  some  erroneous 
notions,  the  chances  being  if  he  has  them  in  calculus  he  has  them 
in  algebra  also.    There  may  possibly  be  some  point  to  the  con- 
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tention  about  the  calculus,  since  the  college  professors  differ 
among  themselves,  and  professors  in  different  countries  disagree 
on  this  matter.  If,  however,  the  elements  of  the  calculus  are  cor- 
rectly presented  by  the  text  used,  the  pupil  will  likely  get  it  as 
near  right  as  he  can,  and  if  they  are  incorrectly  presented  by  a 
college  book,  the  college  student  will  get  the  matter  superficially. 
The  chances  are  that  a  secondary  teacher  would  follow  his  text 
in  an  advanced  subject. 

One  matter  in  connection  with  this  subject  has  not  been  dis- 
cussed. Recently  when  the  writer  was  arguing  along  the  fore- 
going lines  at  a  teachers'  association,  he  found  after  the  meeting 
that  his  ideas  were  not  very  popular  in  certain  quarters,  viz., 
among  those  secondary  teachers  who  had  never  studied  trigo- 
nometry, analytics,  and  calculus!  Evidently  there  is  but  one 
answer  to  this  objection,  and  that  is  that  such  teachers  should 
either  get  busy  and  take  these  subjects  in  summer  schools,  or 
else  surrender  their  jobs. 

America  has  the  opportunity  to-day  to  take  advanced  ground  in 
mathematical  instruction  in  both  the  secondary  school  and  col- 
lege. We  need  first  of  all  to  break  down  the  watertight  compart- 
ment idea  of  mathematics  being  made  up  of  a  number  of  isolated 
and  unrelated  subjects.  We  need  to  give  a  practical  turn  to  all 
the  branches  as  far  as  we  can,  vitalizing  algebra  with  practical 
formulas  from  the  other  branches  and  from  science,  and  geometry 
and  trigonometry  with  a  much  greater  variety  of  practical  ap- 
plications. We  need  to  carry  the  study  of  graphs  into  at  least  a 
little  of  its  fruitage  in  analytic  geometry,  and  we  need  to  show 
that  the  elements  of  the  calculus  can  be  as  easily  comprehended 
as  any  other  of  the  fundamental  principles  of  mathematics.  We 
need  to  unify  more  fully  all  our  mathematics  from  arithmetic  to 
the  calculus.  We  need  to  raise  the  standard  of  attainment  in 
mathematics  in  both  our  colleges  and  secondary  schools,  and  all 
this  can  be  done  and  done  easily  if  we  go  about  the  matter  in 
the  right  spirit  and  in  the  right  way. 


AMERICAN  0OMMIS8IONEBS  ON  MATH£MATIOS. 

The  United  States  Bureau  of  Education  has  recently  issued  Bulletins 
Numbers  13^  and  16  for  1911,  the  former  containing  the  Report  of  the 
American  Committees  I  and  II,  on  Mathematics  in  the  Elementary  Schools 
of  the  United  States,  and  the  latter  containing  the  Report  of  the  Amer- 
ican Committees  III  and  IV,  on  Mathematics  in  the  Public  and  Private 
Secondary  Schools.  These  Reports  are  prepared  under  the  direction 
of  the  American  Commissioners  of  the  International  Commission  on  the 
Teaching  of  Mathematics.  They  may  be  secured  gratis  by  addressing  the 
United  States  Commissioner  of  Education  at  Washington. 


Digitized  byVjOOQlC 


300  SCHOOL  SCIENCE  AND  MATHEMATICS 

J'AOOUSE:  GEOMETBY  TEACHERS. 

By  a.  Latham  Baker,  Ph.D., 
Manual  Training  High  School,  Brooklyn,  N.  F. 

In  the  historic  words  of  a  famous  French  writer 

J'acctise : 
geometry  teachers  in  general  of  neglecting  a  very  important  fea- 
ture of  their  pedagogy.    Its  essentiality  is  so  striking,  its  u«e  so 
pedagogically  luminous  that  its  omission  is  a  most  surprising 
feature  of  educational  history. 

Says  Ufer  in  his  Pedagogy  of  Herbart,  "The  pupil  must  know 
from  the  beginning  what  is  aimed  at,  if  he  is  to  employ  his  whole 
energy  in  the  effort  of  learning."  The  teaching  of  geometry 
in  the  text-books,  and  naturally  as  a  consequence  thereof,  in  the 
class  rooms,  utterly  neglects  this  aspect  of  the  subject,  to  the 
shame  of  the  pedagogy  and  the  loss  of  the  student.  Geometry 
in  the  schools  has  been  merely  a  drill  in  certaii)  type  forms,  witli 
guesswork  applications  of  the  types  to  original  problems.  From 
the  beginning  of  the  subject,  and  throughout,  the  student  is  told 
to  make  (or  suppose  made)  certain  constructions  without  a  hint 
as  to  the  object,  purpose,  or  end  of  such  construction ;  and  the 
purpose  is  never  told.  As  a  recent  contributor  to  School  Sci- 
ence and  Mathematics  has  said,  the  demonstrations  seem  pur- 
posely to  keep  the  student  in  the  dark  until  the  "trap  is  sprung." 

The  fact  that  the  construction  opens  up  a  flood  of  consequences 
is  apparently  deemed  sufficient,  and  neither  student  nor  teacher 
seems  to  realize  any  mathematical  predetermined  reason  for  any 
particular  construction,  and  the  student  is  left  to  wonder  what 
in  the  world  first  suggested  such  a  procedure. 

No  student  should  ever  be  allowed  to  make  a  construction  line 
in  his  demonstration  diagram  zvithout  first  giving  a  predetermined 
reason  telling  what  Figure  he  expects  to  secure  thereby,  what 
Use  he  expects  to  make  of  that  figure,  and  with  what  Theorem 
he  expects  to  utilise  that  figure. 

This  and  this  only  will  satisfy  the  requirement  of  Ufer. 

For  example,  in  the  theorem.  If  the  sides  of  a  quadrilateral 
are  equal  the  figure  is  a  parallelogram,  the  student,  under  the 
direction  of  the  book,  draws  the  diagonal.  Why?  He  doe«  not 
know,  and  is  never  told. 

He  should  be  required  to  give  his  reasons,  and  should  be 
instructed  how  to  decide  upon  those  reasons,  namely,  to  get  a 
pair  of  triangles,  to  prove  two  sides  of  the  original  figure  equal 


Digitized  byLjOOQlC 


J'ACCUSB:  GEOMETRY  TEACHERS  301 

by  means  of  the  triangle  theorems;  or  perhaps  to  get  a  trans- 
versal cutting  two  lines,  in  order  to  test  their  parallelism  by 
means  of  the  parallel  theorems ;  his  choice  depending  of  course 
upon  his  definition  of  a  parallelogram,  opposite  sides  equal,  or 
opposite  sides  parallel.  With  this  clear  purpose  in  view,  he  sets 
his  own  "trap"  to  suit  himself  and  anticipates  the  springing. 

It  is  a  crying  shame  that  this  all-important  and  most  luciferous 
aspect  of  the  subject  should  be  so  utterly  neglected.  I  recently 
had  the  pleasure  of  reviewing  an  elementary  geometry,  written 
under  the  joint  authorship  of  several  very  able  and  eminent 
teachers.  One  of  the  features  of  the  book  was  the  giving  of  a 
reason  for  every  step.  And  yet  as  a  reason  for  drawing  the  line 
AB  in  many  diagrams  was  given  the  straight  line  postulate,  a 
straight  line  can  be  drawn  between  any  two  points,  utterly  ob- 
livious that  this  was  no  reason  at  all  for  the  special  position  of 
that  particular  line,  but  merely  an  assertion  of  its  possibility. 
This  illustrates  how  the  pedagogic  aspect  to  which  I  refer  has 
been  almost  entirely  neglected  by  the  teaching  body.  One  would 
think  that  the  mere  suggestion  of  such  an  aspect  would  be 
seized  with  avidity,  as  giving  the  student  a  grasp  and  power  that 
Tio  amount  of  parrot  drill  in  types  could  possibly  do.  To  be 
sure,  the  student  must  be  taught  how  to  make  his  choice  of 
construction  and  how  to  decide  upon  his  reasons.  This  cannot 
be  done  at  haphazard,  but  must  be  systematically  based  upon 
a  proper  foundation. 

The  corner  stone  of  the  foundation  is  the  dominant  operation : 
comparison  of  lines,  angles,  surfaces,  for  equality,  inequality  or 
measurement ;  the  operation  which  dominates  and  determines  the 
construction. 

Having  decided  upon  this,  the  student  is  prepared  to  take  the 
next  step,  selection  of  the  figure  and  theorem  with  which  to  ac- 
complish this  comparison.  If  he  has  these  classified  (see  School 
Science  and  Mathematics,  1910,  Vol.  10,  p.-  393)  this  will  not 
be  a  difficult  step.  This  step  once  made,  the  predetermined  rea- 
son for  the  construction  is  settled. 

For  example,  in  the  case  cited  above,  if  he  decides  that  his 
-dominant  operation  is  comparison  of  lines,  because  his  definition 
of  a  parallelogram  is  a  quadrilateral  with  its  Opposite  sides  equal, 
and  then  decides  that  he  is  going  to  try  to  compare  these  un- 
Icnown  sides  by  means  of  the  triangle  theorems,  his  construction 
is  settled  and  his  reasons  evident. 
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If  he  defines  parallelogram  as  a  quadrilateral  with  its  opposite 
sides  parallel,  then  his  dominant  operation  is  the  measure  of  a 
zero  angle  (parallelism)  and  if  he  selects  the  parallel  theorems 
as  the  tool  to  do  this  with,  the  object  and  purpose  of  his  con- 
struction is  apparent,  and  he  draws  the  same  diagonal  solely  for 
the  purpose  of  getting  a  transversal. 

This  systematic  and  selective  determination  of  dominant  op- 
eration and  the  tool  must  be  secured  by  the  orderly  list  of  the 
operations  (see  list  above)  and  tools  (see  School  Science  ani> 
Mathematics^  loc,  cit,).  Coincidence  axiom,  sum-angle  the- 
orems, broken-angle  theorems,  vertical-angle  theorems,  broken- 
line  theorem,  etc.,  with  a  thorough  understanding  of  the  uses  of 
these  theorems  for  the  purpose  of  comparison,  etc.  (see  School 
Science  and  Mathematics^  loc,  cit,). 

The  student  must  be  taught  how  to  use  this  systematic  list  by 
means  of  the  3  W's  (after  selecting  the  dominant  operation) : 

WHAT  FIGUBE  is  expected  to  be  secured  by  the  construction? 

WHAT  USE  is  to  be  made  of  the  figure? 

WHAT  THEOREM  is  to  secure  this  use? 

These  questions  should  be  asked  at  the  beginning  of  each  the- 
orem. If  the  student  has  a  satisfactory  answer  for  these  three 
questions,  he  has  practically  secured  the  demonstration  (with 
exceptional  cases),  and  secured  it  with  a  grip  that  no  amount  of 
wooden  memorization  of  type  forms  could  possibly  give.  He 
will  have  set  his  own  "trap." 

With  this  method  he  would  attack  a  new  problem  much  as  he 
does  one  in  algebra — what  processes  shall  I  use,  not  where  have 
I  seen  this  problem  or  its  like  before?  But  of  course  the  3  W*» 
must  be  supplemented  by  the  consequences  which  flow  from 
this  selective  and  predetermined  construction.  In  the  example 
above,  when  the  student  has  drawn  his  diagonal  for  the  purpose 
of  getting  triangles  (say)  with  which,  etc.,  he  finds  that  his  tri- 
angles are  useless,  because  not  enough  parts  are  designated  to 
enable  him  to  draw  any  conclusion.  Here  he  must  take  use  of 
the  3  F'b: 

What  PIGUBE  have  we  before  us? 

What  PACTS  (theorems)  do  we  know  about  such  figures? 

What  POLLOWS  in  this  particular  diagram? 

In  the  case  cited,  he  finds  that  in  addition  to  triangles  which 
he  constructed  purposely  but  vainly,  he  also  has  parallels  (PICK 
X7BES)  cut  by  transversals  (one  of  which  he  drew  for  a  differ- 
ent  purpose)    and   the    application    of   the    parallel   theorems 
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<FA0T8)  results  in  some  new  information  (FOLLOWS) 
which  makes  his  hitherto  unavailable  triangles  of  service,  and 
he  is  able  to  complete  the  purpose  for  which  he  originally  drew 
the  diagonal.  He  may  have  several  figures  from  which  to  draw 
his  FACTS  and  follows.  In  such  case  he  must  exhaust  the  dif- 
ferent possibilities  as  to  figure  and  follows,  to  either  strike  the 
fertile  one  at  last,  or  find  that  his  predetermined  construction 
is  futile,  and  that  he  must  make  a  new  predetermination. 

This  gives  the  mentally  sluggish  or  backward  student  a  chance 
to  change  his  mental  inactivity  and  unpreparedness  into  the  dig- 
ital activity  of  running  his  finger  over  the  tabulated  tools  {loc. 
cit,)  and  trying  them  out,  3  W's  one  at  a  time,  followed  by  the 
digital  activity  of  running  his  finger  down  the  line  of  diagrams 
3  P'b  until  he  finds  a  recognizable  figure  in  his  own  diagram, 
from  which  to  draw  inferences. 

To  find  WHAT  figure  (3  W'b)  run  over  the  tabulation  until 
a  diagram  is  found  which  will  apparently  do  the  work,  compare 
lines,  etc. 

To  find  what  PIGXJM3  (3  F's)  run  the  finger  down  the  dia- 
grams, etc. 

With  the  3  W'a  and  the  3  F'b  the  most  stolid  learner  can  do 
something  else  than  sit  in  staring  silence  under  the  belief  that 
he  does  not  know  ivhat  to  do  next. 

He  does  know.  The  list  of  directions  is  perfectly  plain.  Hunt 
dominant  operation.  Hunt  the  3  Ws.  Hunt  the  3  F'fl.  He 
can  run  his  finger  over  the  list  of  dominant  operations  and  make 
a  selection,  right  or  wrong;  and  so  on  through  the  3  W's  and 
the  3  F'fl.  At  the  worst  it  is  clerical  work  which  any  brain  can 
do  as  well  as  it  can  any  other  selective  clerical  work.  He  can 
hunt  the  individual  diagrams,  patent  before  his  eyes  in  the  main 
diagram,  and  tabulate  the  facts  and  results.  He  can  have  no 
excuse  for  not  moving,  for  there  is  always  something  definite  to 
be  done,  mechanically  perhaps,  but  as  definite  as  any  classification 
of  observed  facts  can  be.  It  becomes  at  least  an  exercise  in  ob- 
servation, if  nothing  more.  It  is  well  to  have  the  results  which 
follow  the  facts  marked  in  the  diagram  itself,  equal  angles  with 
the  same  letters,  and  so  on;  it  makes  it  so  much  easier  to  ap- 
prehend the  facts  in  the  diagram. 

Having  exhausted  the  figures  of  the  diagram  and  stated  the 
FOLLOWS,  start  over  again;  what  newly  available  figure  in 
the  diagram  with  its  facts  and  followings.  The  previous  results 
may  make  a  new  triangle  available,  as  in  the  example  above. 
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In  this  way  there  is  no  excuse  for  the  most  sluggish  not  doing 
something,  tabulation  of  results  at  least,  even  if  unable  to  draw 
the  inferences  from  the  results.  Neglect  of  this  predetermina- 
tion of  procedure,  and  slavish  adherence  to  the  hereditary  method 
of  type  forms,  has  had  its  effect  even  on  the  writers  of  the  text- 
books.    I  cited  one  case  above. 

Another  case  is  that  found  in  a  recent  book,  one  of  the  pop- 
ular geometries  of  the  class  room,  namely: 

Theorem:  In  the  same  or  equal  circles  equal  chords  are  equi- 
distant from  the  center. 

Given :  AB  and  CD,  equal  chords  of  the  circle, 

To  prove  that  AB  and  CD  are  equidistant,  etc. 

Proof :  Draw  OP  perpendicular  to  AB,  etc. 

Now  this  is  perfect  nonsense  from  an  analytical  point  of  view» 
The  word  "distant"  makes  the  right  angle  which  determines  dis- 
tance a  part  of  the  hypothesis  and  not  a  part  of  the  construction* 
Distance  is,  by  convention,  measured  along  a  90**  line.  It  might 
have  been  conventionally  measured  along  a  30**  or  a  45®  line,  as 
in  the  case  of  some  projections.  Which  of  these  it  is,  is  the  part 
of  the  hypothesis  to  determine,  and  if  one  draws  a  diagram  on 
which  to  mark  all  the  metrical  elements  which  determine  whether 
the  lines  perpendicular  to  the  chords  are  equal  or  not,  the  right 
angles  will  be  essential  elements  of  the  diagram.  Without  these 
the  student  cannot  determine  what  two  lines  he  is  comparing. 

If  his  conclusion  is  in  the  definite  form  of  an  equati(Mi 
OP  =  OQ, 
then  the  right  angles  are  forced  into  the  hypothesis.    There  is 
no  other  place  for  them.     The  right  angles  in  the  hypothesis 
would  distinguish  the  theorem  from  its  neighbors  in  which  the 
angles  are  30®  or  45**. 

It  is  the  neglect  of  this  equational  definiteness  of  statement 
that  has  produced  much  of  the  class  room  confusion  in  the  sub- 
ject, and  that  led  to  the  analytical  nonsense  cited  above.  The 
current  analysis  overlooks  the  fact  that  under  the  head  "given,** 
in  addition  to  the  equality  of  the  chords  should  also  be  included 
the  size  of  the  angles  which  determine  what  kind  of  distance  to 
measure,  whether  orthogonal,  isometric  or  cabinet  distance. 

The  pedagogy  of  type  memorisation  ought  to  be  superseded 
by  the  pedagogy  of  selective  processes,  and  until  this  is  done  the 
teaching  of  geometry  is  shorn  of  half  its  power  and  force.  The 
method  of  matching  types  ought  to  be  superseded  by  the  method 
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of  selecting  processes,  and  until  this  is  done  the  teacher  will  con- 
tinue to  be  troubled  and  tormented  with  the  characteristic  un- 
certain and  blind  groping  which  has  been  the  bane  of  geometry. 
Until  this  is  done  the  dictum  of  Ufer  is  violated  grossly  and 
fundamentally. 

May  I  make  my  criticism  constructive  by  citing,  with  due  def- 
erence, the  procedure  in  my  own  class  room?  The  student  is 
required  to  produce  the  following  analysis  of  the  theorems. 
Theorem:  stated  in  full,  in  any  correct  form.  General  hy- 
pothesis :  unmetrical  elements  given.  Special  hypothesis  :  met- 
rical elements  stated  in  the  form  of  an  equation  (or  inequation) 
between  definite  elements,  so  that  we  can  see  what  the  student 
thinks  is  going  to  be  the  causal  basis  of  his  conclusion,  as  distin- 
guished from  the  causes  which  produce  a  different  conclusion. 
Definite  equations  are  rigorously  insisted  upon,  with  rare  excep- 
tions. Conclusion:  an  equation  (or  inequation)  between  two 
specific  elements.  A  definite  equation  is  rigidly  insisted  upon, 
with  rare  exceptions.  Statement  diagram  :  in  which  the  met- 
rical elements  of  the  hypothesis  are  definitely  designated,  the 
measured  (relatively  or  absolutely)  lines,  angles,  surfaces.  The 
measured  lines  to  be  drawn  very  heavy  so  as  to  catch  the  eye: 
the  measured  angles  designated  by  heavy  letters.  Dominant 
Operation  designated,  based  upon  the  equation  of  the  conclu- 
sion. Proof  diagram:  same  as  the  statement  diagram,  plus 
whatever  construction  lines  the  student  desires,  or  perhaps  the 
designation  merely  of  some  elements  already  drawn  which  he 
wishes  to  utilize.  All  new  elements  not  in  the  statement  diagram 
must  be  designated  by  the  initial  letters  of  the  alphabet,  a,  b,  c... 
or  by  encircled  numerals  (i),  (2)...,  exactly  in  the  order  of 
introduction.  Construction:  designation  of  the  parts  con- 
structed in  the  proof  diagram,  but  emphatically  and  positively 
not  unless  accompanied  with  the  3  Ws.  3  W'a,  with  full  an- 
swers for  each,  to  accompany  the  heading  "Construction."  No 
construction  statement  accepted  without  them.  3  F's  with  full 
statement  for  each.  3  F'a,  repeated  in  view  of  new  information 
derived  from  the  previous  3  F's,  and  so  on. 

If  any  "trap  is  sprung"  it  is  a  trap  of  the  student's  own  set- 
ting, deliberately  done,  with  "malice"  aforethought,  of  his  own 
devising,  done  premeditatedly,  with  a  well-defined  intention,  with 
a  prevision  of  what  he  expects  and  wants,  and  of  the  processes 
necessary  to  accomplish  that  end.  He  is  learning  processes,  not 
memorizing  types.    Does  not  this  satisfy  Uf er's  dictum  ? 
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THE  APPUOATION  OF  MATHEMATIOS  TO  PBOBLEMS  OF 

THE  SHOP.^ 

By  K.  G.  Smith, 
University  of  Wisconsin. 

It  occurs  to  me  that  to  indicate  the  true  spirit  and  intention  of 
this  paper  its  title  should  be  not  "Mathematics  Applied  to  the 
Problems  of  the  Shop,"  but  "The  Shop  Applied  to  the  Problems 
of  Mathematics."  In  our  technical  schools  mathematics  is  applied 
to  problems  of  the  shop  and  has  been  for  many  years.  In  this 
line  of  teaching  the  shop  or  designing  room  furnishes  the  prob- 
lem, and  mathematics  the  key.  Our  problem  for  discussion,  I 
take  it,  is  mathematics,  and  the  shop  is  to  furnish  the  key  for  the 
teaching  of  its  principles  and  the  solution  of  its  problems.  To 
my  mind  the  latter  problem  as  a  whole  is  the  more  difEcult,  and 
to  the  man  engaged  in  industrial  teaching  it  is  the  more  important. 

Those  of  you  who  expect  to  hear  a  treatise  on  difficult  prob- 
lems of  design  and  construction  are  going  to  be  disappointed. 
Such  problems  belong  to  the  realm  of  "Applied  Mathematics"  and 
should  be  discussed  by  a  mathematician.  Our  problems  belong 
to  the  realm  of  "Applied  Shop,"  if  I  may  use  the  term,  and  are 
to  be  discussed  from  the  standpoint  of  a  shop  teacher,  who  is  not, 
and,  if  at  the  expense  of  shop  experience,  ought  not  to  be  an 
expert  mathematician. 

My  experience  in  teaching  this  applied  shop  has  been  confined 
to  apprentice  boys  in  various  trades,  older  men  whose  education 
has  been  neglected,  or  in  general  to  what  is  known  as  "continua- 
tion school"  work.  Men  enrolled  in  these  courses  have  use  only 
for  simple  arithmetic,  geometry,  algebra,  and  trigonometry,  and 
many  do  not  need  to  use  or  cannot  use  a  knowledge  of  all  of 
these  subjects.  For  instance,  a  knowledge  of  trigonometry  is 
unnecessary  for  the  foundryman,  but  useful  to  the  machinist, 
pattern-maker,  or  electrician. 

In  Wisconsin  for  the  past  few  years  there  has  been  no  law  to 
compel  the  manufacturer  to  educate  apprentices,  and  when  "edu- 
cation was  carried  to  the  workingman,"  as  the  trite  expression 
goes,  he  made  his  demands  felt,  for  he  was  the  one  to  be  suited. 
Those  of  us  who  taught  this  work  were  hard  put  to  it.  The  boy 
or  man  came  to  class  if  he  liked  the  teacher,  the  course,  and  the 
way  it  was  taught.  If  not,  he  stayed  away  and  didn't  hesitate 
to  criticise  the  teacher,  the  course,  and  the  system.    It  has  been 
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a  good  school  for  all  of  us  and  the  university  rule  of  principles 
first  and  application  afterwards,  has  had  to  give  way  to  the  rule, 
application  first  and  principles  afterward. 

Right  here  there  is  a  difference  between  the  teaching  of  shop 
mathematics  in  a  technical  high  school  or  a  technical  course  in 
a  high  school  where  boys  are  looking  forward  to  a  shop  career, 
and  the  teaching  of  this  subject  to  the  boys  already  employed  in 
the  shops  who  have  a  half  a  day  per  week  or  less  to  devote  to 
study.  In  the  technical  high  school  a  foundation  is  laid  for  the 
solution  of  future  problems,  and  consequently  highly-specialized 
work  is  not  advisable  or  necessary.  To  the  boy  already  in  the 
shop  we  must  give  the  work  especially  adapted  to  his  needs  and 
build  up  his  knowledge  of  mathematics  on  the  foundation  of 
shop  experience  already  gained.  This  limits  our  field  and  renders 
specialization  necessary. 

Now  this  is  not  intended  to  convey  the  idea  that  certain  gen- 
eral work  and  fundamental  principles  are  not  necessary.  Funda- 
mentals are  necessary  and  drill  work  is  necessary,  but  application 
is  the  sword  of  Damocles,  which  continually  hangs  over  the  teach- 
er's head.  For  this  very  reason  shop  problems,  not  problems  of 
design  or  engineering  problems,  are  simple  and  the  knowledge 
of  mathematics  required  for  their  solution  is  not  wide.  To  select 
problems,  to  make  them  practical  and  to  relate  them  to  the  things 
with  which  the  apprentice  or  workman  is  familiar,  is  not  easy 
and  here  is  where  ingenuity,  knowledge,  and  shop  experience  are 
required  on  the  part  of  the  teacher. 

Problems,  Their  Source  and  Method  of  Presentation. 

I  hesitate  to  make  statements  in  regard  to  this  subject  because 
as  yet  we  know  so  little  about  industrial  education  as  a  whole, 
and  less  still  about  the  best  methods  to  be  used  for  teaching 
special  lines.  There  are,  however,  certain  principles  which  I 
believe  may  well  be  followed  in  selecting  and  presenting  any  kind 
of  shop  problem. 

First  and  foremost,  I  wish  to  say  emphatically  that  I  do  not 
believe  a  course  in  shop  mathematics  can  be  properly  written  by 
a  man  who  stays  in  his  office  and  refers  to  catalogues  and  other 
information  furnished  him  in  book  or  pamphlet  form.  Shop 
mathematics  should  be  written  in  the  shop  or  shops  by  a  shop- 
man.   This  leads  me  to  my  first  principle. 

I.  Shop  problems  should  come  from  the  shop  and  not  fronr 
the  brain  of  the  teacher,  especially  if  he  has  had  little  or  no  shop 
experience.     Problems  illustrated  by  pulleys  and  gears  instead 
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of  by  potatoes  and  dollars,  are  not  necessarily  shop  problems. 
Good  problems  in  mathematics  are  not  necessarily  good  shop 
problems.  The  problem  of  finding  the  exact  length  of  a  belt  to 
connect  two  pulleys  is  a  good  mathematical  problem  but  a  very 
poor  shop  problem.    A  steel  tape  is  the  best  shop  solution. 

The  man  who  writes  the  problems  should  be  a  shop  man  by 
experience  and  sympathy,  and  by  a  shop  man,  I  mean  a  man 
who  has  had  actual  working  experience  in  a  commercial  shop 
and  not  merely  in  the  draughting  room.  He  should  study  the  shop 
to  get  his  problems.  In  teaching  local  classes,  problems  may  be 
taken  from  the  very  shop  in  which  the  students  work  and  may 
sometimes  represent  the  very  job  on  which  a  boy  is  working.  A 
number  of  closely  related  problems  may  be  given  in  order  to  fix 
the  general  method  of  procedure  in  their  solution.  Often  a  fore- 
man can  give  valuable  information  as  to  what  his  boys  ought 
to  know,  but  the  teacher  must  have  sufficient  judgment  to  decide 
how  much  of  this  can  be  given  by.  class  room  instruction. 

2.  Shop  problems  should  be  stated  in  terms  of  the  shop  even 
if  such  a  statement  would  not  be  clear  to  a  student  unfamiliar 
with  the  shop.  Explain  if  necessary,  but  do  not  put  the  explana- 
tion in  the  statement  of  the  example.  For  instance,  take  this  ex- 
ample :  "Find  the  taper  per  foot  to  be  used  in  turning  a  pulley  with 
a  i2-inch  face  crowned  }i  inch."  I  would  prefer  to  state  the 
example  in  that  way  rather  than  to  say :  "Find  the  taper  per  foot 
to  be  used  in  turning  a  pulley  with  a  12-inch  face  %  inch  larger 
in  diameter  at  the  center  than  at  the  edge."  In  other  words,  I 
do  not  think  we  should  be  afraid  of  technical  terms  in  stating 
shop  problems.  Shop  terms  a  boy  must  learn,  for  in  these  terms 
orders  will  be  issued  to  him.  Many  times  a  shop  term  with  which 
he  is  familiar  conveys  a  more  definite  idea  to  his  mind  than  a 
carefully-worded  explanation. 

3.  The  data  of  shop  problems  should  be  given  in  accordance 
with  shop  usage  and  the  results  obtained  should  represent  good 
practice.  To  say  that  a  gear  has  a  pitch  diameter  of  3  1/7  inches 
is  not  in  accordance  with  shop  usage,  though  I  saw  this  given  as 
part  of  a  problem  in  a  book  on  shop  mathematics.  It  might  be 
good  drill  for  the  boy  to  reduce  1/7  to  the  form  of  a  decimal,  but 
he  would  not  find  it  common  practice  to  give  pitch  diameters  in 
odd  fractions  of  an  inch.  I  do  not  believe  it  a  good  plan  to  dis- 
tort examples  for  the  sake  of  arithmetical  drill. 

Another  example  I  saw  the  other  day:  "The  tailstock  of  a 
lathe  can  be  offset  three  inches,  what  is  the  greatest  taper  which 
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can  be  turned  on  a  piece  six  inches  long?"  Evidently,  the  author 
had  in  mind  that  the  piece  could  be  turned  to  the  form  of  a  cone 
whose  altitude  and  diameter  of  base  were  each  six  inches.  It 
would  be  practically  impossible  to  turn  such  a  piece  with  any 
degree  of  accuracy  by  offsetting  the  tailstock  of  a  lathe,  and  this 
method  would  not  be  used. 

As  an  illustration  of  results  obtained  not  representing  good 
practice,  I  worked  an  example  the  other  day  in  which  it  was  re- 
quired to  find  the  mean  effective  pressure  necessary  in  a  gas 
engine  of  a  certain  size  and  speed  to  develop  a  given  horse- 
power. The  answer  came  out  ten  pounds  and  a  fraction.  A 
mean  effective  pressure  of  ten  pounds  in  a  gas  engine  does  not 
represent  normal  conditions  nor  good  practice. 

4.  A  problem  should  not  be  made  unnecessarily  complicated 
simply  to  make  it  apparently  harder  to  solve. 

For  example,  the  following:  "A  shop  is  nm  by  a  motor  belted 
to  a  lineshaft.  The  lineshaft  was  to  run  at  300  R.  P.  M.  and  the 
motor  at  1,200  R.  P.  M.  A  40  inch  pulley  was  put  in  the  line- 
shaft  and  a  10  inch  on  the  motor.  On  starting,  the  motor  was 
found  to  nm  1400  R.  P.  M.  Determine  the  proper  size  of  pulley 
on  the  motor  to  give  300  R.  P.  M.  at  the  lineshaft." 

The  whole  question  hinges  on  the  fact  that  the  motor  does  run 
1400  R.  P.  M.  That  it  was  expected  to  run  1,200  R.  P.  M.  has 
nothing  to  do  with  the  question  and  is  apt  to  cause  confusion. 

5.  Do  not  confuse  shop  problems  and  problems  of  design. 
No  hard  and  fast  line  can  be  drawn  between  shop  problems  and 
problems  of  design,  but  the  shop  teacher  is  constantly  tempted 
to  use  problems  for  shopmen  which  are  really  problems  of  de- 
sign, partly  because  they  are  interesting  and  partly  because  they 
are  the  easiest  to  formulate  or  to  find  in  books.  There  are  two 
reasons  for  not  giving  such  problems,  (i)  They  are  not  so  useful 
to  the  boy  as  plain  shop  problems.  (2)  The  boy's  employer  ex- 
pects his  apprentice  to  be  educated  for  the  shop  and  not  for  the 
draughting  room.  It  is  better  for  the  boy  to  be  a  good  shopman 
than  a  poor  draughtsman. 

There  is  a  field  of  "shop  mechanics"  if  I  may  call  it  so,  with 
which  a  shopman  ought  to  be  familiar,  though  you  may  say 
that  all  of  it  is  design.  Such  topics  as  the  lever,  the  wheel  and 
axle,  the  pulley  blocks,  the  differential  and  spur-gear  hoist,  the 
screw,  wedge,  and  inclined  plane,  horse  power  of  engines  and 
motors,  horse  power  of  belting  and  shafting  and  the  simplest 
rules  for  horse  power  of  gearing,  pulley  and  gear  ratios  and 
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simple  stresses  in  the  study  of  strength  of  materials,  all  have  a 
place  here. 

Friction  coefficients,  complicated  rules  for  horse  power  of  gear- 
ing, empirical  formulas  for  horse  power  of  rope  drives,  propor- 
tions of  pulley  arms  and  hubs  and  other  machine  parts,  heating 
surface  of  boilers,  are  problems  for  the  engineer  and  designer  and 
not  for  the  shopman. 

6.  In  the  presenting  of  shop  problems  use  the  actual  thing 
whenever  possible.  For  instance,  if  you  ask  a  boy  how  many  one 
inch  studs  2  ^  inches  long  can  be  cut  from  a  ten  foot  bar  of 
cold  rolled  steel  allowing  %  inch  on  each  for  cutting  off  and 
finishing;  get  the  bar,  if  possible,  at  least  the  first  time,  and  let 
him  measure  it.  If  you  talk  about  hexagons  get  a  hex  head  bolt 
or  hex  nut.  If  emery  stones  are  under  discussion,  get  one.  If 
you  are  discussing  the  differential  hoist  get  one,  and  carry  it  to 
the  class  room  even  if  it  is  heavy.  The  results  obtained  make  up 
for  it.  In  a  word,  make  examples  as  concrete  as  possible  and  do 
not  waste  time  describing  and  explaining  when  the  thing  itself 
can  be  bought,  begged,  borrowed,  or  stolen.  If  the  actual  things 
cannot  be  obtained,  use  sketches  as  the  next  best  means  of  illus- 
tration. 

7.  Use  good  practical  shop  sense  in  accuracy  of  measure- 
ment necessary  in  interpreting  and  getting  results  to  problems 
given.  If,  for  instance,  a  result  is  obtained  giving  the  diameter 
of  pulley  pins  necessary  as  39.2  inches,  teach  the  boy  to  use  the 
nearest  standard  size,  a  40  inch,  and  don't  let  him  consider  39.2 
inches  the  practical  shopman's  answer.  I  saw  only  a  few  days 
ago  the  length  of  bar  necessary  on  a  jack  screw  given  as  7.937 
inches.  Levers  on  jack  screws  are  not  measured  to  thousandths 
of  an  inch.  This  applies  to  results  obtained  during  the  solution 
of  problems.  Teach  boys  to  interpret  their  answers  continually 
by  the  rule  of  standard  practice  and  shop  sense  as  to  accuracy 
necessary  and  they  will  take  pride  in  thus  applying  their  experi- 
ence. 

8.  Take  time  to  explain  the  mechanical  and  physical  whys  and 
wherefores,  but  do  not  spend  time  explaining  mathematical  whys 
and  wherefores  unless  a  boy  is  particularly  interested  in  this  sub- 
ject. For  instance,  do  not  stop  to  explain  why  the  divisor  is  in- 
verted when  dividing  by  a  fraction. 

The  above  general  principles,  in  my  opinion,  should  govern  the 
application  of  the  shop  to  all  grades  of  mathematics  from  simple 
arithmetic  to  trigonometry,  though,  as  I  said  at  the  beginning. 
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no  one  can  as  yet  lay  down  any  rules  for  industrial  teaching  be- 
cause we  know  so  little  about  methods  and  possibilities. 

In  order  to  place  something  definite  before  you  I  have  outlined 
on  charts  some  shop  topics  especially  applicable  to  the  teaching 
of  certain  subjects  in  arithmetic,  algebra,  and  geometry.  It  is 
impossible  to  go  into  detail  for  every  teacher  must  work  in  the 
shop  and  study  for  himself. 

Though  many  of  them  are  so  simple  that  you  may  smile,  I 
can  assure  you  that  the  teaching  of  these  things  to  shop  boys  is 
a  problem  well  worth  study  and  the  presentation  of  them  to  shop 
boys,  taxes  energy,  enthusiasm,  and  resourcefulness  to  the  highest 
degree.  And  when  boys  come  for  assistance  in  their  problems 
and  get  that  which  is  of  actual  use  to  them  or  when  Uiey  say: 
"I  figured  that  job  myself  the  other  day,"  I  think  the  teacher  may 
count  himself  as  one  who  is  assisting  in  the  industrial  progress 
of  this  nation  as  truly  as  the  engineer  who  designs  a  locomotive 
or  spans  a  chasm  with  a  bridge. 


NEW  MAXIMUM  TO  mGH  SOHOOL  TEAOHEBS  IN  OHIOAGO. 

Announcement  is  made  by  the  Board  of  Education  of  Chicago  of  a 
new  maximum  for  high  school  teachers  of  $2,600.  As  fixed,  this  figure 
ranks  with  the  best  schedules  effective  in  the  United  States,  only  New 
York  City  exceeding  it  by  $50,  and  Boston  by  $18  for  recent  appointees; 
the  difference  in  cost  of  living  in  these  two,  however,  far  more  than  off- 
sets the  difference  in  schedule.  Friends  of  better  public  education  in  Chi- 
cago have  long  struggled  for  this  result,  and  are  now  hopeful  that  a  way 
has  been  provided  for  getting  and  keeping  the  very  best  teachers  in  the 
United  States.  The  grant  of  a  new  and  generous  schedule  has  evoked 
a  feeling  of  gratitude  from  teachers  now  in  service  in  Chicago,  and  they 
have  responded  by  a  communication  of  thanks  to  the  Board,  and  by  laying 
plans  advertising  appropriately  the  new  order  of  things  in  the  best  edu- 
cational journals  in  the  country. 

Of  course  this  new  grant  has  been  tardily  made.  For  several  years  the 
lists  of  eligible  teachers  have  contained  few  or  no  names  of  science 
teachers,  though  lists  of  teachers  of  the  other  subjects  have  usually  been 
crowded.  Just  now  there  are  no  names  on  the  eligible  list  to  teach  zo- 
ology, chemistry,  physics,  and  but  three  in  mathematics.  In  view  of  the 
proposed  opening  next  year  of  two  new  high  schools  there  will  most  likely 
be  a  demand  for  teachers  in  all  departments  of  science,  mathematics,  and 
manual  training.  Examinations  will  probably  be  held  June24  and  25. 
Inquiries  may  be  addressed  to  Department  of  Examinations,  Room  828, 
Tribune  Building,  Chicago. 

Candidates  for  general  certificates  of  teachers  of  academic  subjects  in 
high  schools  must  present  in  advance  credentials  showing  the  following: 

1.  (a)  Graduation  from  an  accredited  college,  and  (6)  two  years  of 
successful  experience  in  graded  schools  of  good  standing;  or 

2.  (a)  Graduation  from  an  accredited. college,  and  (b)  completion  of 
the  required  work  in  the  Chicago  Teachers'  College,  and  (c)  one  year  of 
successful  experience  in  graded  schools. 
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They  will  be  examined  in  one  major  and  four  minor  subjects,  as  indi- 
cated below,  and  must  attain  a  general  average  of  eighty  per  cent  with 
no  subject  below  fifty  per  cent;  provided,  that  the  major  subject  shall  not 
be  the  same  as  any  of  the  minor  subjects;  and  provided,  that  professional 
study  shall  be  required  of  all  candidates  as  a  minor  subject;  and  provided, 
that  English  shall  be  required  of  all  candidates  as  a  minor  subject  unless 
selected  as  a  major  subject. 

Majors:  English,  Latin,  Greek,  French,  German,  Spanish,  Polish,  physi- 
ography, botany,  zoology,  physiology  and  sanitation,  physics,  chemistry, 
mathematics,  commercial  geography,  commercial  law,  accounting,  pho- 
nography, ancient  and  mediaeval  history,  history  of  modem  continental 
Europe,  English  and  American  history. 

Minors:  Professional  study,  English,  Latin,  Greek,  French,  German, 
Spanish,  Polish,  physiography,  botany,  zoology,  physiology  and  sanitation, 
physics,  chemistry,  astronomy,  geology,  mathematics,  general  history  and 
civics,  civics  and  political  economy,  commercial  geography,  commercial 
law,  accounting,  phonography. 

SCHEDULE  OF  SALARIES. 

1.    Principai«s  of  Elementary  Schools. 
Lower  group — 

First  year    $1,800 

Ninth  and  subsequent  years  2,600 

Upper  group- 
First  year  $2,700 

Fourteenth  and  subsequent  years  3,500 

2.    Teachers  in  High  Schools. 
A.    For  teachers  holding  general  certificates. 

Lower  group — 

First  year  $1,000 

Seventh  and  subsequent  years  1,600 

Schedule  as  amended  (1912). 
Upper  group — 

First  year  $1,700 

Second  year    1,800 

Third  year  1,900 

Fourth  year 2,000 

Fifth  year    2,100 

Sixth  year   2,200 

Seventh  year  2,300 

Eighth  year 2,400 

Ninth  year   2,500 

Tenth  and  subsequent  years  2,600 


Flexdls  Mirror. — ^Apply  to  a  sheet  of  paper  or  of  fabric  coated  with 
egg  white  one  or  two  coatings  of  transparent  varnish  and  before  it  is 
quite  dry  apply  a  sheet  of  tinfoil  to  it.  When  this  adheres  properly,  pour 
quicksilver  on  it,  as  is  customary  in  coating,  moisten  the  paper  and  strip 
it  off. 
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SOME  iSFFEOTS  OF  OIVIO  BIOLOGY  IN  THE  HOME. 

By  Jean  Dawson, 
Cleveland  Nonnal  School. 

By  civic  biology,  I  mean  that  phase  of  the  subject  that  is  vital  to 
the  individual  and  community  life,  as  distinguished  from  the 
general  biology  (which  in  many  of  our  secondary  schools  is  but 
an  abridgment  of  college  biology),  which  does  not  consider 
human  welfare  at  all.  Civic  biology  is  grouped  about  man  and 
his  needs,  while  the  time-honored  general  biology  has  evolution 
as  its  central  thread. 

Civic  biology  eliminates  all  forms  of  plant  and  animal  life 
that  do  not  help  in  the  life  struggle  of  the  student  in  the  com- 
munity in  which  he  is  living.  A  course  in  civic  biology,  there- 
fore, must  embrace  more  or  less  economic  entomology,  forestry, 
bacteriology,  hygiene,  sanitation,  etc.,  as  well  as  much  that  is  now 
taught  in  courses  of  elementary  agriculture. 

In  working  out  a  course  in  civic  biology  for  the  Cleveland 
Normal  School,  I  am  not  letting  sentiment  stand  in  my  way,  but 
am  breaking  loose  from  all  the  shackles  of  biological  traditions, 
which  serve  to  hinder  the  establishment  of  a  course  founded  on 
the  bed  rock  of  civic  betterment. 

The  pity  is,  not  that  all  that  is  interesting  in  biology  cannot  be 
taught,  but  that  the  time  and  energy,  which  can  be  devoted  to 
the  subject,  is  so  limited  that  much  that  is  useful  and  even  nec- 
essary must  be  eliminated.  The  problem  of  the  teacher  becon\es 
one  of  selecting  that  which  is  vital  from  that  which  is  merely 
useful. 

I  am  not  insensible  to  the  wail,  "Save  the  cultural  side  of 
biology,"  that  is  going  up  from  people  who  believe  that  a  course 
in  biology  that  is  civic  or  economic  cannot  therefore  be  cultural. 
To  such,  I  would  say,  the  vital  and  cultural  phases  of  biology  are 
inseparably  united.  No  phase  of  biology,  or  any  other  subject 
for  that  matter,  can  be  cultural  that  does  not  lift  the  student  to 
a  higher  plane  of  living.  The  attainment  of  useless  knowledge 
cannot  do  this,  and  leads  to  disgust  or  to  pedantry.  I  may  add 
that  useful  and  even  the  vital  phases  of  the  subject,  will  stop 
short  of  being  cultural,  if  it  does  not  permeate  and  soak  through 
into  acts  which  uplift. 

Whenever  any  subject  or  phase  of  subject  so  uplifts  a  student, 
•the  result  is  always  reflected  back  into  the  home.    Every  normal 
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child  naturally  seeks  to  tell  his  loved  ones  everything  which  he 
has  learned  that  is  of  real  benefit 

One  girl  wrote  to  me  long  after  she  had  finished  the  course : 
"I  used  to  worry  about  my  averages  in  school,  but  somehow  I 
never  thought  of  my  standings  in  biology.  The  biology  course 
reveals  so  many  interesting  things  to  me,  that  sometimes  I  could 
hardly  wait  until  I  reached  home  to  tell  my  mother.  The  knowl- 
edge of  civic  biology  was  so  badly  needed  in  our  home  that  it 
was  impossible  for  me  to  keep  quiet  on  the  subject." 

This  young  lady's  mother  told  me  that  she  believed  that  the 
family  got  almost  as  much  from  the  course  as  her  daughter  did. 

I  have  come  to  judge  the  real  results  of  my  courses,  not  by  the 
examination  papers,  but  by  the  amount  of  work  that  my  students 
carry  away  and  apply  in  their  homes. 

But  you  say  you  cannot  apply  such  a  criterion  to  all  subjects 
taught  in  our  schools.  It  is  a  well-known  fact  that  school  life 
is  one  thing,  and  home  life  is  another,  and  that  relatively  few 
things  taught  in  the  school  can  be  applied  in  the  home.  I  reply 
that  the  divorce  of  school  and  home  means  one  thing,  and  only 
one  thing,  and  that  is  that  the  school  work  is  not  meeting  the 
vital  needs  of  the  people.  In  planning  a  course,  I  have  often  been 
aided  by  the  reactions  of  the  student  body.  For  instance,  before 
writing  this  paper  I  asked  a  class,  which  had  passed  the  course, 
to  tell  me  what  part  of  their  biolc^  work  they  had  applied  in 
their  homes.  The  results  were  very  gratifying,  and  I  shall  take 
the  liberty  of  frequently  quoting  from  their  statements. 

.  One  often  hears  the  criticisms  about  our  schools  which  some 
of  these  girls  have  unwittingly  expressed.    One  girl  writes: 

"The  first  thing  that  I  would  like  to  say  does  not  apply  to  your 
question,  still  it  seems  so  very  important  to  me  that  I  want  to  tell 
you  about  it  and  that  is  the  attitude  which  the  home  folks  take 
toward  my  school  life.  All  during  high  school  they  had  no  sym- 
pathy for  me  in  my  studies.  When  I  began  to  study  geometry, 
etc.,  they  would  all  say,  'Now,  what's  the  use  of  her  learning 
all  that;  it  will  never  do  her  any  good.  She  might  just  as 
well  quit  now  and  go  to  business  college!'  To  avoid  these  un- 
pleasant remarks,  I  never  mentioned  school  any  more  than  I  had 
to.  Now  everything  seems  different,  when  I  go  home  and  talk 
to  the  older  ones  about  the  forestry  problems,  the  contamination 
of  our  drinking  water  with  sewage,  the  work  the  birds  are  doing 
in  checking  the  insect  devastations,  how  to  exterminate  the  flies, 
and  so  on,  they  are  all  so  interested,  and  think  that  at  last  I  am 
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beginning  to  learn  something.  Going  to  business  college  now 
seems  to  be  a  thing  of  the  past." 

This  dissatisfaction  is  expressed  by  another  girl  in  the  follow- 
ing: "I  have  often  asked  myself  with  reference  to  my  various 
subjects  in  high  school  especially:  *Why  am  I  studying  this?'  or 
'Is  this  worth  learning?'  The  only  answer  that  I  could  give  was: 
*It  is  to  develop  my  power  of  reasoning  or  that  I  am  being  edu- 
cated.' But  these  answers  were  merely  excuses,  it  seems  to  me, 
for  they  did  not  satisfy  me  at  all.  When  I  began  the  study  of 
biology,  I  found  what  I  had  been  looking  for — something  that 
does  more  than  develop  the  mind  and  impart  knowledge;  some- 
thing which  has  a  definite  purpose  in  view. 

"Knowledge  which  cannot  be  put  to  use  is  worthless.  Civic 
biology  is  one  of  the  very  few  subjects,  the  knowledge  of  which 
has  been  of  practical  use  to  me.  In  fact,  it  is  often  said  of  most 
studies,  by  our  teachers :  'It  is  not  what  we  learn,  for  that  we  will 
soon  forget,  but  it  is  the  power  to  gain  knowledge,  which  is  of 
importance.'  This  is  true,  but  there  are  some  things  which  we  can- 
not forget,  because  we  continually  use  them  and  apply  them  in 
our  daily  lives.  Civic  biology  is  such.  We  cannot  exist  on  this 
earth  witnout  coming  in  contact  with  many,  if  not  all  of  these 
great  biological  problems,  such  as  disease,  its  causes,  prevention 
and  cure ;  our  food  supply,  its  cost,  abundance,  and  the  cause  of 
its  being  damaged  at  times;  our  lumber  supply,  determined  by 
the  method  of  handling  the  forest. 

"Although  my  high  school  education  had  broadened  my  mind 
somewhat,  the  one  year  of  civic  biology  did  more  toward  giving 
me  a  broad  outlook  on  life  and  a  desire  to  do  something  in  this 
world,  than  all  the  rest  of  my  schooling  put  together." 

I  do  not  quote  the  above  students  with  any  desire  to  impress 
you  with  the  idea  that  biology  is  the  most  important  subject  in 
the  curriculum.  I  do  wish,  however,  to  say  that  I  believe  that 
each  and  every  subject  in  our  schools  should  be  reorganized,  if 
they  have  not  already  been,  to  more  closely  meet  the  needs  of  the 
people.  This  will  take  time  and  much  hard  work,  but  I  believe 
that  it  is  in  the  direction  toward  which  modern  education  is 
tending. 

My  paper  to-day  does  not  call  for  an  outline  of  the  course, 
and  I  shall  make  no  effort  to  indicate  the  scope  of  the  work. 
Should  anyone  care  to  know  what  is  taught  under  the  title  "civic 
biology"  in  the  Cleveland  Normal  School  he  can  find  what  he  de- 
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sires  by  looking  in  the  March  number  of  School  Science  ani> 
Mathematics  for  the  year  191 1. 

I  may  say  in  passing,  however,  that  much  time  is  spent  out  of 
doors  in  the  spring  and  fall  collecting  and  studying.  The  stu- 
dent does  most  of  the  collecting  out  of  school  hours,  individu- 
ally or  in  groups,  after  he  has  been  shown  what  material  is 
desired.  Great  emphasis  is  laid  upon  the  study  of  plants  and  ani- 
mals in  their  natural  environment  before  bringing  them  into  the 
laboratory;  tests  are  held  in  both  field  and  laboratory,  and  rec- 
ords are  kept  of  the  material  collected  by  each  student. 

While  the  class  is  becoming  acquainted  with  the  common  native 
trees,  shrubs,  weeds,  fungous  diseases,  insects,  native  birds,  etc., 
he  is  learning  in  the  laboratory  and  class  room,  what  these,  forms 
of  life  are  doing,  which  make  them  of  civic  importance. 

I  always  picture  civic  biology  to  myself  as  a  tree  whose  branches 
terminate  in  the  home,  community,  city,  state,  and  nation.  The 
home  branch,  of  which  I  am  speaking  to-day,  would  be  much 
larger  and  more  powerful  if  the  home  had  been  previously  stim- 
ulated by  the  proper  kind  of  nature  study.  As  it  is,  the  student 
must  stop  to  become  acquainted  with  much  that  he  should  have 
learned  in  the  grades.  A  junior  girl  expresses  this  thought  in 
the  following : 

"The  children  at  home  are  always  much  interested  in  my  work, 
with  the  birds,  trees,  and  weeds.  I  was  certainly  surprised  at 
the  way  in  which  they  learn  many  of  them.  My  little  brother, 
only  five  years  old,  knows  many  of  the  trees.  I  often  think  that 
while  a  child  he  will  have  learned  all  the  common  trees,  and  when 
he  is  older  he  will  have  all  his  time  to  devote  to  the  problems  con- 
cerning them." 

In  choosing  subjects  for  special  study,  we  try  to  select  the 
problems  which  the  student  can  help  to  solve  through  his  own 
individual  or  class  effort.  To  illustrate:  no  insect  holds  the  in- 
terest for  the  normal  girl  that  the  housefly  does.  She  has  studied 
its  life  history,  and  has  learned  that  no  place  is  too  filthy  for  flies 
to  swarm,  and  from  these  unnamable  places  where  they  lay  their 
eggs,  and  breed,  they  fly  to  distribute  filth  with  germ-laden  feet 
on  everything  they  touch.  A  single  fly  may  carry  as  high  as 
6,000,000  germs;  the  kind  depending  whether  it  has  been  dab- 
bling in  tubercular  sputum,  typhoid  dejecta,  decaying  animals, 
or  other  filth. 

Stimulated  by  the  results  of  Dr.  Hodge's  focal  method  which 
gets  the  flies  before  they  enter  the  house,  to  do  damage,  the  girls 
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began  a  preliminary  campaign  last  summer  to  rid  Cleveland  of 
this  most  dangerous  of  pests.  The  results  were  most  encour- 
aging, and  the  girls  are  now  planning  to  extend  the  work  to 
cover  the  entire  city,  having  as  their  slogan  "Cleveland,  the  fly- 
less  city,"  for  the  year  1912.  The  city  will  be  divided  into  sec- 
tions, with  one  or  two  girls  in  each,  to  direct  and  encourage  the 
work  of  trapping  flies  and  reporting  breeding  places  to  the  board 
of  health. 

The  work  which  has  yielded  the  most  good,  because  it  teaches 
sanitation  and  preventative  medicine,  is  a  course  in  elementary 
bacteriology.  The  student  gains  a  clear  idea  and  understanding 
of  the  nature,  growth,  reproduction,  and  work  of  germs,  and 
acquires  a  knowledge  of  the  causes,  and  the  means  of  prevention 
of  all  the  contagious  diseases. 

Much  of  the  mystery  that  surrounds  germs  is  cleared  away 
and  the  student  begins  to  regard  these  little  plants  much  as  he 
does  the  higher  plants  of  the  garden  and  field.  Considerable 
care  is  taken  to  dispel  the  notion  that  is  so  often  held  by  people* 
namely,  that  all  germs  are  dangerous;  and  to  establish  the  fact 
that  there  are  probably  no  more  disease-producing  germs  than 
there  are  poisonous  species  among  the  higher  plants.  The  at- 
tention of  the  class  is  directed  toward  the  control  and  extermina- 
tion of  the  disease  germs  much  as  the  energy  of  the  people  has 
been  in  the  past  directed  toward  the  extermination  of  poisonovis 
plants  and  snakes. 

Considerable  time  is  spent,  learning  through  experiment,  the 
conditions  necessary  for  the  best  growth  and  the  methods  of 
killing  germs.  The  retarding  effects  of  cold  on  the  growth  of 
bacteria  makes  clear  the  necessity  of  keeping  food  in  refriger- 
ators and  cold  storage;  the  plan  of  keeping  food  by  killing  al) 
bacteria  as  in  canning  fruit  and  vegetables ;  and  the  use  of  chem- 
icals as  preservatives  in  foods. 

Excursions  are  taken  to  bake  shops,  markets,  factories,  and 
dairies  to  see  how  food  is  handled,  and  the  student  learns  the 
difference  between  things  that  look  clean  and  things  that  are 
bacteriologically  clean. 

The  class  learns  that  disease-producing  germs  come  from  the 
bodies  of  those  sick  with  the  disease  and  that  these  germs  gain 
entrance  to  the  bodies  of  the  well  through  the  mouth,  respiratory 
tract,  and  through  wounds  in  the  skin;  that  germs  are  carried 
through  direct  contact,  water,  milk,  air,  uncooked  food,  and  by 
animals,  as  the  fly,  the  flea,  lice,  pet  cats,  rabbits  and  dogs. 
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The  cause  and  means  of  disseminating  the  germs  and  the  pre- 
vention of  each  contagious  disease  is  studied.  Especial  atten- 
tion is  given  to  tuberculosis  and  to  typhoid  fever,  because  of  the 
contamination  of  our  drinking  water  with  sewage. 

The  class  has  the  reports  of  the  latest  medical  researches  and 
keeps  in  close  touch  with  the  practical  work  in  the  city.  Excur- 
sions are  taken  to  school  clinics,  tubercular  exhibits,  sanataria 
and  baby  dispensaries.  Lectures  and  demonstrations  are  given 
before  the  class  by  members  of  the  board  of  health,  school  phy- 
sicians and  members  of  the  associated  charities. 

The  student  realizes  that  careful  as  he  may  be,  he  cannot 
wholly  prevent  disease  germs  from  entering  his  body  and  that  he 
must  rely  upon  the  germicidal  power  of  his  blood  if  he  would 
escape  disease.  With  this,,.end  in  view,  he  seeks  to  take  the 
required  amount  of  fresh  air,  exercise,  baths,  etc. 

One  girl  expresses  her  opinion  of  the  work  as  follows : 
"Until  I  studied  bacteriology,  I  didn't  realize  that  the  basis 
of  all  success  in  life  is  health,  and  that  the  health  depends  largely 
upon  a  knowledge  of  our  friends  and  enemies  in  the  animal  and 
plant  kingdoms.  Civic  biology  lays  the  foundation  for  a  practical 
knowledge  of  how  to  keep  healthy." 

While  instances  of  improving  home  grounds,  protecting  birds 
and  toads,  discouraging  stray  cats  and  English  sparrows  about 
their  homes,  are  oft  repeated  in  these  reports,  the  work  that  has 
borne  the  best  fruits  is  the  knowledge  which  has  caused  them  to 
struggle  for  greater  physical  efficiency. 

All  speak  of  their  efforts  to  convince  the  home  people  of  the 
necessity  of  letting  sunshine  into  the  house,  airing  the  rocMns, 
sleeping  with  their  windows  open,  and  taking  daily  walks  and 
baths.  Here  is  an  extract  from  a  girl's  paper,  illustrating  the 
attitude  of  the  family  toward  the  work.  "At  first  the  newest 
things  always  meet  with  opposition.  It  has  been  a  hard  struggle, 
and  many  times  I  have  been  laughed  at  by  my  family.  I  have 
gone  right  ahead  though,  and  now  I  notice  that  instead  of  laugh- 
ing they  listen,  and  are  doing  all  the  things  that  I  am  required 
to  do.  I  don't  mind  the  fun  that  they  have  made  of  me,  for  I 
feel  that  I  have  been  pretty  successful." 

Perhaps  the  character  of  the  work  that  is  being  reflected  back 
in  the  homes  may  be  best  illustrated  if  I  read  one  or  two  reports 
verbatim : 
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Effects  of  Civic  Biology  in  My  Home. 

"Both  the  housekeeping  and  the  health  of  the  members  of  our 
family  have  been  improved  by  the  application  of  my  knowledge 
of  civic  biology. 

"Before  I  had  studied  bacteriology  in  the  normal  school,  our 
house  was  kept  in  a  somewhat  different  manner  from  what  it  is 
to-day.  Although  it  was  what  any  ordinary  good  housekeeper 
would  have  termed  clean,  it  was  not  a  model  of  sanitation.  The 
feather  duster  was  ever  in  use,  spreading  the  dust  and  germs 
throughout  the  air.  The  windows  were  opened  only  on  cleaning 
days;  the  temperature  of  the  rooms  was  always  80**  F.  and 
above;  the  shades  were  usually  drawn  during  the  day,  especially 
in  the  unused  rooms,  and  the  floors  were  covered  with  heavy 
carpets.  In  the  summer,  flies  were  present,  no  matter  how  well 
the  house  was  screened.  Although  we  felt  their  annoyance,  we 
never  dreamed  that  they  were  carrying  germs  from  one  place 
to  another  and  into  our  home.  No  one  ever  thought  that  they 
could  be  exterminated,  we  had  always  had  flies,  and  we  supposed 
that  we  must  always  have  them. 

"These  conditions  no  longer  exist.  In  planning  and  caring  for 
our  new  home,  civic  biology  decided  many  points.  In  the  first 
place,  we  chose  a  lot  out  of  the  city,  in  a  high  open  space  near 
the  lake.  The  floors  of  our  house  are  all  polished,  covered  only 
with  small  rugs,  here  and  there,  which  are  easily  carried  out  of 
doors  and  shaken.  A  vacuum  cleaner  now  does  the  sweeping, 
and  either  an  oiled  or  wet  dust  cloth  is  used.  We  now  open 
the  windows  every  day,  even  in  the  coldest  weather,  and  we  keep 
the  temperature  between  68°  and  70°  F.  The  windows  are  free 
from  curtains,  which  are  merely  dust  catchers,  and  added  labor 
to  keep  clean.  The  shades  are  seldom  down.  Our  house  is  nearly 
as  light  as  a  greenhouse,  there  are  so  many  windows  in  it.  There 
are  no  dark  corners,  where  germs  may  collect  and  live  without 
disturbance.  No  less  than  three  porches  would  suit  us  now.  A 
large  porch  across  the  front  of  the  house,  one  at  the  back,  and 
a  sleeping  porch  upstairs,  the  whole  width  of  ttte  house.  After 
learning  the  value  of  sleeping  out  of  doors  we  never  could  own 
a  house  without  such  a  sleeping  porch. 

"The  fly  problem  is  now  being  solved  in  our  home,  as  well  as 
in  others  near  by,  as  a  result  of  civic  biology.  With  a  doing  away 
of  the  breeding  places,  and  the  use  of  traps,  we  will  soon  need 
no  screens.  Last  summer  the  flies  were  in  the  traps  instead  of 
in  the  house,  and  who  knows  how  much  disease  was  prevented 
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by  the  elimination  of  these  insects  from  the  home?  The  study 
of  biology  in  the  school  has  had  its  influence  in  the  method  of 
preparing  and  caring  for  our  food.  We  no  longer  allow  the 
milk  to  stand  in  a  warm  place  or  uncovered,  since  I  have  learned 
how  rapidly  germs  multiply  in  milk  in  such  conditions.  Our 
water  is  also  boiled  and  cooled  to  render  it  safe  for  drinking 
purposes.  We  are  very  careful  about  buying  edibles  which  are 
exposed  to  the  dust  or  handling  of  other  people.  Not  one  of  us 
would  think  of  using  a  public  drinking  cup  or  towel.  Of  course 
we  knew  it  was  not  just  the  right  thing  to  use  the  public  towels, 
etc.,  before  we  studied  biolc^y,  but  until  we  knew  why  we  were 
not  so  careful. 

"The  health  of  each  member  of  the  family  has  also  been  bene- 
fited by  this  knowledge.  Our  endurance  has  been  increased, 
through  daily  walks  in  the  fresh  air  and  refreshing  cold  baths 
in  the  morning.  Since  we  know  about  how  much  food  and 
sleep  a  person  ought  to  have  under  certain  conditions,  we  now 
keep  at  the  top  notch  of  efficiency.  Minor  ailments  have  en- 
tirely disappeared  from  our  family,  and  we  no  longer  catch  every 
disease  that  comes  along.  My  desire  for  a  garden  and  for  tam- 
ing birds  has  arisen  directly  from  my  study  of  biology.  We  are 
now  planning  to  beautify  our  home  grounds,  and  to  cultivate  the 
soil  about  it." 

To  quote  another  paper: 

"We  have  a  summer  home  in  the  country,  and  our  lives  there 
have  been  greatly  benefited  by  my  course  in  biology.  Our  trees 
have  been  sprayed  and  pruned,  and  better  fruit  has  resulted  from 
my  knowledge  of  plant  diseases  and  insect  pests.  Our  country 
home  is  near  South  Newburg,  near  Snow  Lake.  The  water  is 
stagnant,  and  many  mosquitoes  breed  in  it.  Last  spring  when 
we  went  to  the  country,  I  told  the  neighbor  boys  the  story  of 
mosquitoes  and  where  they  lived  and  bred.  The  boys  became 
interested,  and  with  the  aid  of  kerosene  oil  have  relieved  us  of 
these  pests.  They  also  have  become  interested  in  birds  and  trees, 
and  when  I  go  down  there  they  ask  me  a  great  many  questions, 
and  tell  me  what  they  have  seen  and  read.  Our  family  boil  the 
drinking  water,  and  sleep  with  their  windows  thrown  open.  I 
now  keep  more  regular  hours,  walk  in  the  open  air  and  take 
cold  baths  every  morning.  In  consequence,  I  feel  invigorated 
and  good  for  something.  In  the  past  week  or  so,  two  of  my 
brothers  and  a  sister  have  started  to  take  cold  water  baths,  be- 
cause they  have  noticed  a  change  in  me.     Before  I  started  to 
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take  these  baths  I  was  cross  and  irritable  in  the  morning,  and 
sometimes  6alf  asleep  for  an  hour  or  more  before  fully  awak- 
ening. Now  my  baths  wake  me  up  and  make  me  feel  glad  that 
I'm  alive. 

"From  my  knowledge  of  tuberculosis,  I  think  I  have  prevented 
my  sister  from  having  this  dreadful  disease.  Last  spring  she 
lost  her  appetite  and  ambition,  and  was  in  a  general  run-down 
condition.  I  took  her  temperature  several  times  each  day  for 
about  a  week  and  found  that  it  always  increased  considerably  in 
the  afternoon.  I  knew  that  these  were  symptoms  of  tuberculosis, 
and  I  had  her  go  to  the  doctor.  He  confirmed  my  suspicions, 
that  she  was  in  the  incipient  stage  of  tuberculosis,  and  made  her 
take  a  complete  rest,  plenty  of  fresh  eggs  and  milk,  and  kept  her 
out  of  doors  day  and  night.  Now  she  is  well  and  takes  her  walks 
with  me  every  morning  and  feels  fine.  I  never  shall  cea>e  to 
feel  grateful  that  I  was  able  to  discover  the  disease  in  time  to 
prevent  it." 

Is  this  phase  of  biology  worth  while  ?  Is  it  meeting  the  needs 
of  the  people?  Is  it  uniting  the  work  of  the  school  with  the 
home  in  a  wholesome  way?  Is  it  raising  the  lives  of  the  people 
to  a  higher  plane,  and  becoming  cultural  as  well  as  vital  ?  These 
are  questions  which  I  will  leave  for  you  to  decide. 

In  closing,  I  would  say  that  this  work  is  but  well  begun.  When 
civic  biology  is  universally  taught,  and  the  rising  generation  have 
become  educated  to  the  necessity  of  working  together  for  the 
good  of  the  whole,  then  they  will  throw  off  the  needless  shackles 
of  ill-health  and  disease  which  have  so  long  held  them  in  its 
ghastly  bondage,  and  will  solve  their  problems  as  only  healthy, 
intelligent  Americans  can.  They  will  have  safe  drinking  water, 
sanitary  homes,  factories  and  offices;  they  will  hold  the  price 
of  human  life  in  higher  esteem,  as  food  becomes  purer  and  prices 
become  lower.  Smoke  consumers  will  make  it  possible  to  restore 
the  beautiful  trees,  so  that  Cleveland  may  again  lay  a  rightful 
claim  to  the  title  of  "Forest  City."  Flies  will  not  be  allowed 
to  pollute  our  food  with  typhoid  and  tubercular  germs,  and 
death  will  not  rob  thousands  of  our  homes  of  their  children 
through  contaminated  milk.  Gardens  will  flourish  in  the  waste 
places,  homes  will  be  festooned  with  roses  and  wistaria,  and  the 
song  birds  will  return  to  furnish  us  with  the  sweetest  of  all 
nature's  music. 
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THE  USE  TO  BE  MADE  OF  THE  O&THOFTE&A  IN  BEGINNIHa 
OOUBSES  IN  ZOOLOGY  THE  SEQUENCE  OF  THE  OOUBSE.^ 

By  F.  B.  Isely, 
University  Preparatory  School,  Tonkawa,  Okla. 

Introduction. 

"Aller  anfang  ist  schwere,"  this  old  maxim  repeats  itself  with 
added  emphasis  as  the  zoology  instructor,  year  after  year,  starts 
new  classes  in  the  study  of  animal  life. 

The  diversity  of  opinion  as  to  what  is  most  worth  while,  and 
what  is  the  best  point  of  attack,  is  well  shown  by  the  variety  of 
arrangement  of  subject-matter,  types,  and  phyla  in  the  various 
modem  texts  and  laboratory  manuals. 

Loyd  and  Bigelow  in  their  excellent  work  on  the  "Teaching  of 
Biology"  discuss  the  use  of  the  cra3rfish,  mammal,  frog,  insect, 
and  protozoa  as  beginning  laboratory  types,  and  decide  in  favor 
of  the  cra3^sh.  It  is  not  my  purpo^  at  this  time  to  enter  into  a 
discussion  of  the  relative  merits  of  the  various  types;  I  wish 
merely  to  suggest  some  of  the  uses  that  can  be  made  of  the  grass- 
hopper and  its  allies,  based  upon  repeated  experimental  tests. 

During  the  past  eleven  years,  I  have  started  every  fall  from 
twenty-five  to  fifty  beginners  in  the  study  of  animal  life,  not  only 
beginners  in  zoology,  but,  as  a  rule,  students  doing  their  first 
biological  work  and  usually  their  first  laboratory  science.  It  is 
for  these  untutored  classes,  that  the  plan  of  work  herein  briefly 
outlined  is  recommended,  as  it  has  been  found  to  give  good  re- 
sults. 

Advantages  Offered  by  the  Orthoptera. 

For  fall  classes — there  would  be  no  reason  for  using  the  grass- 
hopper for  other  than  fall  classes — ^the  grasshopper  affords  an 
abundance  of  material.  Every  campus,  vacant  lot,  field,  or  back 
yard  is  more  or  less  alive  with  Orthoptera  insects  in  September. 
This  gives  excellent  opportunity  for  field  work  and  studying  the 
living  animal  under  natural  conditions.  The  abundatnce  of  these 
insects  enables  the  instructor  to  provide  specimens  in  quantity, 
and  what  is  more  to  the  point,  the  material  can  always  be  fresh 
or  alive  if  desired.  Every  laboratory  teacher  knows  that  pre- 
served specimens  of  any  kind  are  often  so  disagreeable  to  the  be- 
ginner, either  in  fact  or  fancy,  that  interest  in  the  work  is  ac- 
tually retarded.     With  fresh  material  much  of  this  first  recoil 
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is  overcome,  and  the  new  laboratory  worker  comes  to  his  task 
with  zest. 

Morphology. 

For  training  in  the  study  of  structure,  observation,  and  scien- 
tific drawing,  the  grasshopper  is  very  satisfactory.  Such  large 
species  as  the  American  (Schistocerca  Americana),  the  Lubberly 
(Hippiscus  rugosus),  the  Carolina  (Dissosteria  Carolina),  or  the 
yellow  (Melanoplus  differentiallis)  are  always  available. 

Where  will  one  find  more  diagrammatic  and  schematic  studies 
for  first  drawings  and  clear  cut  observation  practice  than  the 
posterior  leg  of  a  grasshopper,  a  side  view  of  the  entire  animal 
with  the  wings  removed,  or  even  a  front  view  of  the  head  ?  For 
the  first  work  with  the  lens  and  low  power  of  the  compound 
microscope  the  antennae,  foot,  and  tibia  of  a  fore  leg  are  unex- 
celled. The  student  can  prepare  his  own  material,  learn  to  man- 
ipulate his  slide  on  the  microscope  stand  as  he  studies  the  char- 
acteristics of  the  twenty  odd  segments  of  the  antennae  or  the 
tarsi  of  the  foot.  For  the  high  power  work  and  an  early  lesson 
in  the  appreciation  of  the  new  world  opened  up  by  the  microscope, 
I  know  of  no  better  objects  than  well-mounted  specimens  to  show 
the  abdominal  spiracles  and  facets  of  the  compound  eye. 

For  the  morphology  side  of  the  study  there  is  work  enough  for 
five  or  six  lessons,  and  the  work  is  such  that  the  exactness  and 
accuracy  that  can  be  secured  even  at  the  first  of  the  work  makes 
the  young  beginner  feel  that  he  is  getting  results.  And  at  the 
same  time  he  is  being  trained  in  laboratory  methods,  drawing,  and 
observation  in  a  way  that  will  make  his  future  progress  easy  and 
sure. 

Field  Work. 

If  there  were  no  other  consideration,  the  unequaled  value  of 
the  Orthoptera  for  field  work  places  it  above  all  other  groups 
as  the  best  entering  wedge  to  the  study  of  animal  life.  The 
species  are  rather  distinct;  common  names  may  be  used  to  ad- 
vantage; and  while  the  species  are  numerous  enough  to  give 
variety,  they  are  not  so  abundant  or  intricate  as  to  be  confusing. 
The  crickets,  cockroaches,  katydids,  walking  sticks,  and  mantids 
afford  an  abundance  of  data  for  comparison  and  habit  studies. 
Excellent  illustrations  abound  for  the  study  of  adaptation  from 
many  angles.  Among  the  Acrididae  alone,  zonal  distribution  may 
be  worked  out  with  precision  and  so  easily  that  even  a  dull  novice 
"catches  on,"    To  be  concrete,  certain  species  are  found  upon 


Digitized  byLjOOQlC 


324  SCHOOL  SCIENCE  AND  MATHEMATICS 

the  bare  ground,  others  abound  in  the  short  grass,  still  others 
inhabit  only  the  tall  grass,  some  are  found  among  domesticated 
plants  and  weeds,  and  some  frequent  wooded  margins.  After 
study  of  this  kind  has  been  carried  on  in  the  fall  months,  think 
of  the  fund  of  local  illustration  that  one  may  employ,  when  ques- 
tions of  distribution  and  relation  to  environment  come  up  during 
the  year's  work. 

There  are  also  many  special  topics  that  may  be  taken  up :  stridu- 
lation  is  almost  wholly  confined  to  the  Orthopterous  insects.  In 
the  field  one  may  study  to  advantage  the  sound-making  of  cone- 
heads  and  meadow  grasshoppers,  in  the  vivarium,  field  and  tree 
crickets  will  perform  to  order.  Moulting— a  factor  in  the  devel- 
opment of  all  Arthropods — can  always  be  studied  if  nymphs  are 
secured  for  laboratory  observation  and  kept  a  few  days  in  live 
boxes. 

Class  Work. 

The  economic  relation  of  animals  to  man  and  plants  as  destroy- 
ers of  crops  and  household  pests  can  be  studied  to  advantage  with 
the  Orthoptera.  There  is  plenty  of  material  in  texts  and  bulle- 
tins for  first  training  in  library  work. 

To  illustrate  classification,  the  order  Orthoptera,  with  its  well- 
marked  and  easily  defined  families,  makes  the  need  and  method 
of  classification  apparent.  Classification  can  be  tried  out  by  the 
student  with  specimens  he  catches  in  his  field  work  and  in  this 
way  the  beginner  clears  up  points  of  families,  genera,  and  species, 
sometimes  not  comprehended  for  months. 

Discussion. 

The  use  of  the  grasshopper  as  a  leading  type  for  field  and  lab- 
oratory study  is  by  no  means  new  or  untried,  but  those  making 
extended  use  of  the  Orthoptera  material  are  few  and  far  between. 
It  is  the  old  story  of  "acres  of  diamonds."  In  view  of  the  fact 
that  these  are  among  the  most  abundant  fall  field  insects  from 
Texas  to  Massachusetts,  and  that  there  are  at  least  twenty-five 
species  common  to  the  entire  region — as  I  have  verified  by  my 
own  collecting — ^it  has  always  seemed  to  me  that  many  zoology 
teachers  lose  an  excellent  advantage  in  failing  to  work  up  a  care- 
ful acquaintance  with  the  Orthoptera — certainly  one  of  the  best 
and  most  available  groups  for  introducing  animal  life  to  beginners 
in  autumn  classes. 

Sequence  of  the  Course. 
While  the  laboratory  work  on  the  grasshopper  which  should 
be  intensive  is  going  on,  much  field  work  on  insects  in  general 

Digitized  by  LjOOQIC 


ARTICLES  IN  CURRENT  PERIODICALS  325 

may  occupy  the  time  of  the  class  on  off  laboratory  days.  Allow- 
ing most  of  the  first  month  for  the  strictly  laboratory  work  on 
the  grasshopper,  the  second  month  may  be  used  to  advantage  for 
comparative  study  of  other  insects  along  the  line  suggested. 
With  this  work  complete,  our  introduction  to  the  study  of  ani- 
mals will  be  consummated. 

After  this  we  are  ready  to  begin  the  logical  order,  and  develop 
our  subject  from  simple  to  complex.  It  certainly  is  a  bad  mis- 
take to  lose  the  good  to  be  gained  from  taking  up  the  logical 
order  after  the  preliminary  work  has  fitted  the  beginner  to  handle 
laboratory  work  with  some  facility,  follow  directions,  use  the 
microscope  with  a  little  skill,  and  to  grasp  fairly  well  almost  any 
elementary  phase  of  the  subject  by  following  the  insect  work 
with  the  crayfish,  mussel,  worms,  etc.,  as  we  find  outlined  in 
many  of  our  recent  texts. 

Someone  may  say:  "Why  not  follow  your  plan  to  its  ultimate 
conclusion  and  begin  at  the  first  with  the  simple  and  work  up  to 
the  complex?"  For  beginners,  the  work  I  have  outlined  is  the 
simple  work  at  the  start.  We  get  off  easier  and  gain  the  splen- 
did opportunity  for  field  work  with  abundant  material  and  fair 
weather;  furthermore  we  enlist  the  interest  of  the  student,  give 
him  work  that  he  can  manage,  and  practice  in  handling  labora- 
tory material,  using  the  microscope,  and  making  scientific  draw- 
ings. The  way  young  students  clear  up  the  Protozoa  after  this 
preliminary  training  is  a  source  of  satisfaction  to  all  concerned. 


ABTIOLES  IK  0X7RBENT  PEBIODIOALS. 

^mmcan  Bo/antJ/ for  February:    "Some  Dakota  Wild  Flowers,"  by  H.  I 

Tullsen;   "Evergrceris  in  Winter,"  by  Frank  Dobbin;   "Some  Leafless  I 

Plants,"  by  Dr.  W.  W.  Bailey;  "The  Botanist  and  Public." 

Condor  for  January-February:  "The  Shore  Birds  of  Santa  Barbara 
(with  three  photos  by  J.  H.  Bowles),  J.  Hooper  Bowles  and  Alfred  B. 
Howell;  "Through  Tahoean  Mountains,"  (with  three  photos  by  Oluf  J. 
Heinemann),  Milton  S.  Ray ;  "AVisit  to  Nootka  Sound,"  (with  four  photos 
by  the  author),  H.  S.  Swarth;  "Some  Birds  of  Southwestehn  Montana," 
(with  one  map),  Aretas  A.  Saunders;  "Birds  of  a  Mojave  Desert  Oasis," 
Chester  Lamb.  • 

Educational  Psychology  for  February :  "A  Tentative  Revision  and  Ex- 
tension of  the  Binet- Simon  Measuring  Scale  of  Intelligence,"  Part  I, 
Lewis  M.  Terman  and  H.  G.  Childs ;  "Mental  Fatigue  in  Day  School  Chil- 
dren as  Measured  by  Immediate  Memory,"  Part  II,  W.  H.  Winch; 
"Adding  Upward  and  Downward,"  Lawrence  W.  Cole. 

Guide  to  Nature  for  January:  "The  Beaver,"  illustrated,  Elliott  R. 
Downing;  "The  Stars  and  Planets,"  S.  A.  Mitchell;  "Aquarium  Manage- 
ment," illustrated,  William  P.  Seal. 

Journal  of  Geography  for  February:  "Some  Points  to  Emphasize  in 
Teadiing  the  Geography  of  Africa,"  Caroline  W.  Hotchkiss ;  Suggested 
Modifications  in  High  School  (kography."  R.  H.  Whitbcck;  "Economic 
Notes,"  Edward  Van  Dyke  Robinson;  '^Elementary  Weather  Observa- 
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tions.  II,"  Robert  M.  Brown;  "Local  Climatic  Peculiarities  in  their  Rela- 
tion to  Intensive  Agriculture,"  Eric  Rexford  Miller;  "The  World's  Great 
Rivers — The  Danube,"  Frederick  Homburg. 

V Enseignement  Mathdmatique  for  January:  "Le  calcul  fonctionnel," 
J.  Hadamard;  "Extraction  d*une  racine  quelconque  d'un  nombre  reel  A," 
L.  Baatard. 

Mathematical  Gazette  for  January :  "The  Place  of  Mathematics  in  Girls' 
Education.  An  Address  and  Discussion,"  Miss  S.  A.  Burstall;  "The 
Aim  and  Methods  of  School  Algebra.  II.  Methods  of  Teaching,"  T.  P. 
Nunn,  D.Sc. ;  "The  Nature  of  Elementary  Mathematics  from  the  Modem 
Standpoint,"  C.  Elliott. 

Photo-Era  for  February:  "Photography  as  a  Pastime,"  Belmont  Odell; 
''What  the  Camera  Reveals  in  Los  Angeles,"  Louis  Fleckenstein ;  "Tank- 
Development  with  Rodinal,"  Alfred  Watkins;  "The  Amateur  and  the 
Photographic  Journal,"  William  Spanton;  "Tripak  Color  Photography," 
F.  E.  Ives;  "Enlarging  with  a  Soft-Focus  Lens,"  Arthur  Hammond; 
*'Snow-Landscapes,"  Will  A.  Cadby;  "Stand-Development  for  Lantern- 
Slides,"  H.  Bernard  Ward ;  "Comparison  of  Methods  of  Making  Lantern- 
Slides,"  Louis  Derr. 

Physical  Review  for  January:  "The  Collapse  of  Thick  Cylinders  under 
High  Hydrostatic  Pressure,"  P.  W.  Bridgman;  "Electrical  Discharge 
from  a  Point  to  a  Plane,"  O.  Hovda;  "Effect  of  Frequency  on  the  Ca- 
pacity of  a  Condenser,  with  Kerosene  for  the  Dielectric,"  S.  Herbert  An- 
derson ;  "A  Model  of  the  Elementary  Magnet,"  S.  R.  Williams ;  "An  Im- 
portant Practical  Problem  in  Gyrostatic  Action,"  W.  S.  Franklin. 

Popular  Astronomy  for  March :  "Is  There  any  Evidence  to  Justify  the 
Supposition  of  an  Infinite  Universe?"  B.  G.  Harrison;  "The  Variable 
Stars,"  Fr.  Argelander,  continued;  "A  Pedagogical  Suggestion  for  Teach- 
ers of  Astronomy,"  Sarah  F.  Whiting;  "A  Modem  Look  at  the  Universe," 
Henry  Olerich,  continued;  "The  Occultation  of  Venus,  April  15,  1912,  as 
Visible  in  the  United  States,"  Wm.  F.  Rigge. 

Popular  Science  Monthly  for  February:  "The  International  Hygiene 
Exhibition  at  Dresden,"  Dr.  Henry  G.  Beyer;  "The  Value  of  Non-Instru- 
mental Weather  Observations,"  Professor  Robert  DeC.  Ward;  "Narrow 
Jaws  and  Small  Feet,"  Dr.  Richard  Cole  Newton;  "Conflict  of  Adminis- 
trations," President  Frank  L.  McVey;  "Relations  of  Japan  and  the 
United  States,"  President  David  Starr  Jordan;  "Old  Academy  of  Sci- 
ence, Paris,"  Dr.  Edward  F.  Williams;  "The  History  of  Gold  Mining  in 
the  United  States,"  Professor  R.  A.  F.  Penrose,  Jr.;  "Modem  Tenement 
Houses,"  Jonathan  A.  Rawson,  Jr. ;  "History  of  Gymnosperms,"  Professor 
John  M.  Coulter. 

Psychological  Clinic  for  February:  "School  Clinics  for  Free  Medical 
and  Dental  Treatment,"  Lewis  M.  Terman;  "A  New  Method  for  Deter- 
mining Rate  of  Progress  in  a  Small  School  System"  (concluded),  Nor- 
man Cameron. 

Science  for  February  16:  "The  Glaciers  and  Glaciation  of  Alaska," 
Ralph  S.  Tarr.  For  February  23 :  "The  Primary  Concepts  of  Physics,*' 
William  F.  Magie. 

Scientific  American  for  February  3:  "Mapping  the  Value  of  Gravita- 
tional Force,"  William  Travis;  "Savage  Irrigation  in  Luzon,"  Hamilton 
Wright. 

Unterrichtsbldtter  fUr  Mathematik  und  Naturwissenschaften.  Nr.  1, 
1912:  "Ueber  die  Verwendung  von  mikrophotographischen  Liditbildem 
beim  zoologischen  und  anatomischen  Unterricht,"  Professor  Dr.  W.  Stem- 
pell;  "Form  und  Wachsverbrauch  der  Bienenzelle,"  Prof.  Dr.  Heinridi 
Vogt;  "Die  Bekampfung  der  Rebschadlinge  und  die  Biologie,"  Dr.  F. 
Schwangart;  "Funktionaler  Zusammenhang  der  Lehrsatze  des  Menelaos 
und  des  Ceva,"  Prof.  Dr.  Ernst  Schultz;  "Bemerkungen  iiber  die  Be- 
handlung  der  quadratischen  Gleichung  in  elementaren  algebraischen  Un- 
terricht,*^ Prof.  Dr.  Karl  Goldziher;  "Die  Kegelschnitte  in  ihrem  ana- 
l3rtischen  Zusammenhang  mit  dem  geraden  Kreiskegel,"  Dipl.-Ing.  Carl 
Herbst. 
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THE  OPPOBTUNITT  NOW  BEFORE  TEACHERS  OF  PHYSIOS. 

By  J.  M.  Jameson. 

Pratt  Institute,  Brooklyn. 

(Continued  from  the  March  number.) 

As  was  suggested  in  the  preceding  article,  the  methods  and 
teaching  material  which  shall  adapt  the  instruction  in  physics 
to  the  ever}'day  needs  of  the  secondary  school  pupil,  and  shall 
thus  give  the  subject  its  highest  direct  value,  must  be  developed 
by  those  in  closest  touch  both  with  the  subject  and  with  the 
pupils:  in  other  words  by  the  teachers  of  physics  in  secondary 
schools  themselves.  They  are,  or  ought  to  be,  the  best  qualified 
judges  of  the  capacities  and  interests  of  their  pupils,  and  of 
the  possibilities  of  relating  their  subject  to  the  particular  con- 
ditions of  the  community  in  which  they  are  teaching.  No  in- 
struction in  physics  of  the  sort  here  contemplated  can  be  mapped 
out  by  those  interested  in  merely  the  scientific  or  historical 
phases  of  the  subject.  It  must  be  formulated  by  those,  who  in 
addition  to  knowing  their  physics,  know  and  are  interested  in 
the  applications  of  physics  in  the  daily  processes  going  on  about 
them.  Physics  for  a  school  located  in  an  agricultural  center, 
while  having  to  do  with  the  same  general  principles,  must  be 
presented  through  a  different  equipment  and  different  applica- 
tions than  would  be  suited  to  a  school  located  in  a  large  city; 
physics  teaching  for  pupils  in  a  textile  center  must  differ,  if  it 
is  to  secure  the  best  results,  from  the  physics  teaching  in  a  city  j 

in  which  the  manufacture  of  machinery  is  the  principal  industry. 

The  adaptation  of  physics  teaching  on  any  such  scale  as  this  ,■ 

is  of  course  a  big  undertaking.    Success  can  be  looked  for  only  ! 

through  the  cooperation  of  a  large  number  of  teachers.    And  in 
an  undertaking  in  which   so  many  are   involved,  a   "clearing  [ 

house"  through  which  ideas  may  be  exchanged,  criticised,  and 
modified;  through  which  material  and  exercises  of  proved  value  i 

may  be  distributed;  working  drawings  and   faciHties   for  the  j 

manufacture  of  equipment  and  fittings  may  be  provided,  etc.,  ; 

therefore  becomes  of  the  highest  importance.     The  American 
Federation  Committee  on  the  Improvement  of  Physics  Teach-  ] 

ing,  which  was  appointed  at  the  Washington  meeting,  an  ac-  ! 

count  of  which  appears  on  page  251  of  the  March  issue,  may  j 

very  properly  take  these  matters  in  charge.    If  physics  teachers  i 

everywhere  will  actively  assist  this  committee  in  its  work,  defi-  1 

nite  results  from  which  all  may  benefit  may  be  expected.    In  this 
connection,   it  may  be   appropriate  to  state   that  the  working 
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drawings  for  the  apparatus  suggested  in  the  preceding  atticle, 
1^  together  with  suggestions  for  its  use  have  been  placed  at  the 

\;  disposal  of  this  committee,  and  may  be  obtained  from  the  chair- 

\  man,  Mr.  J.  A.  Randall,  of  Pratt  Institute. 

I  In  the  article  referred  to,  some  phases  of  the  teaching  of  me- 

I  chanics  were  discussed.    The  writer  hopes  later  to  submit  sim- 

j  ilar  suggestions  for  teaching  the  ideas  of  moments,  work  and 

l  energy,  the  mechanics  of  rotating  bodies,  etc.     But  mechanics 

)  is  not  the  only  portion  of  physics  in  which  changes  are  needed 

'  in  the  method  of  presentation  and  in  the  equipment,  and  as  I 

\  should  like,  as  rapidly  as  possible,  to  make  clear  the  very  gen- 

"1  eral  and  fundamental  nature  of  the  modifications  that  I  am  ad- 

!  vocating,  I  have  ventured  to  discuss  another  portion  of  physics 

■  in  this  second  article.    Perhaps  the  weakest  chapters  of  the  usual 

i'  high  school  text  in  general  physics,  viewed  in  these  days  of 

j  electrical  appliances,  are  those  dealing  with  electricity  and  mag- 

!  netism.     And  perhaps,  also,  the  average  laboratory  equipment 

j  for  these  subjects  is  most  inadequate.     Physics  teachers  will 

i  agree,  I  think,  that  such  things  as  tangent  galvanometers,  gal- 

vanoscopes,  etc.,  are,  or  ought  to  be,  relics  of  the  past,  and  that 
I  the  compilation  of  an  electrostatic  series,  or  long  discussions 

J  of  "one  fluid"  and  "two  fluid"  battery  cells  represent  an  ex- 

1  penditure  of  time  scarcely  in  keeping  with  the  opportunities  for 

really  simple  and  valuable  studies  of  the  principles  upon  which 
modern  applications  of  electricity  are  based. 
I  Every  school  laboratory  should  be  provided  with  a  current 

j  supply   which   makes   possible   real  experiments   in    electricity. 

J  And  as  practically  every  even  moderately  sized  town  nowadays 

is  lighted  by  electricity,  such  a  supply  should  not  be  a  matter 
of  great  difficulty.  Given  this,  and  a  reasonable  number  of 
really  good  ammeters  and  voltmeters,  such  as  the  Weston  Model 
45  instruments  for  direct  current,  or  Model  155,  and  a  few 
of  the  new  type  wattmeters  if  the  supply  system  is  A.  C,  and 
an  indefinite  number  of  simple  and  instructive  exercises  may 
{  be  arranged.     In  attempting  these,  however,  the  teacher  must 

j  start  with  good  instruments.    To  purchase  too  cheap  ammeters 

I  and  voltmeters  is  to  willfully  waste  money.     No  instruments  of 

j  either  type  are  satisfactory  for  school  use  which  are  not  "dead 

;  beat."    No  voltmeter  will  give  good  results  which  has  less  than 

I  about  10  ohms  resistance  per  volt  of  scale  reading.    There  is  no 

I  .  getting  around  these  requirements,  and  cheap  instruments  are 

I  expensive,   even  as  gifts,  because  of  the  valuable  space  they 

occupy. 
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In  selecting  the  stock  of  instruments,  the  instructor  will,  of 
course,  be  guided  by  the  laboratory  plan  that  he  regards  as  es- 
sential. If  he  is  a  believer  in  the  **even  front"  plan  by  which' 
all  pupils  do  the  same  work  at  the  same  time,  money  may  be 
saved  by  having  the  ammeters  all  millivoltmeters  with  external- 
shunts.  With  ten  millivoltmeters  and  four  shunts  each,  of  say 
I  ampere,  2  amperes,  5  amperes  and  10  amperes  capacity  at  full» 
instrument  scale  reading,  a  working  equipment  equivalent  to- 
forty  self-contained  instruments  providing  the  same  ranges  is 
secured  at  much  less  cost.  In  such  a  plan,  however,  all  mUli" 
voltmeters  should  be  of  exactly  the  same  (say  45  millivolts) 
drop  and  all  shunts  should  be  interchangeable.  The  scales  of 
the  instruments  should  not  be  marked  for  any  given  value  in- 
amperes,  but  should  be  100  division  scales  marked  by  tens.  With 
these,  intermediate  readings  where  the  full  scale  reading  equals^ 
I,  2,  5,  etc.,  amperes  may  be  quickly  and  closely  made.  Any  of 
the  manufacturers  of  standard  instruments  will  meet  these  re-^ 
quirements  if  requested.  Similarly,  the  voltmeters  may  be  the 
same  millivoltmeters  with  series  multipliers,  though  double  scale 
instruments  ^i  i. 5/1 50  or  3/150  volts  are  recommended  as  meet- 
ing all  ordinary  requirements  and  as  more  satisfactory.  If  the 
instnictor  does  not  insist  upon  the  "even  front"  plan,  ammeters 
with  self-contained  shunts,  carefully  selected  as  to  the  require- 
ments of  the  particular  experiments  in  which  each  is  to  be  usedi 
will  be  found  preferable. 

Given,  then,  a  proper  current  supply  at  preferably  no  volts,- 
a  reasonable  number  of  instruments  of  the  type  just  suggested, 
carbon  lamp  resistances,  a  supply  of  connecting  and  resistance 
wire,  and  a  live  teacher,  and  an  interesting  and  "worth  while'' 

course  in  electricity  is  assured. 
As  further  suggestions  of  con- 
venient forms  of  resistances,, 
and  of  terminals  which  will^ 
stand  the  wear  and  tear  oi 
constant  student  use  without 
loose  connections  or  stripped 
threads,  such  as  encountered 
Fig.  5.  A  Convenient  Form  of  where  binding  post  terminals 
Lamp  Resistance.  are  used,  the  designs  shown  in 

Figures  5,  6,  7,  and  8  are  here 
given.  Figure  5  will  scarcely  require  further  description,  unless 
it  be  to  call  attention  to  the  two  lamps  in  series  which  make 
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possible  changes  of  current  by  approximately  34  ampere  steps 
from  zero  to  the  full  capacity  of  the  lamp  bank. 

The  carbon  rheostat  of  Figure  6  will  be  found  extremely 
convenient  for  a  low  resistance  capable  of  change  by  small  steps. 
The  frame  is  of  iron  with  the  side  rods  covered  by  fiber  tubing, 
and  current  is  taken  off  at  any  point  by  means  of  the  brass  plate 
with  terminal,  which  may  be  inserted  between  the  carbon  blocks 


Fig.  6.    An  Adjustable  Carbon  Rheostat.- 

at  any  point.  The  terminals  and  back  connected  studs,  for 
which  working  drawings  are  given  in  Figures  7  and  8,  may  be 
made  from  castings  or  from  brass  rod.  The  threaded  rod  car- 
rying the  wing  nuts  should  consist  of  a  3/16  inch  hardened 
-steel  set  screw  and  the  wing  nuts  should  be  bronze  or  brass. 
This  construction  will  bring  the  wear  where  it  should  be — on  the 

tt '^r— i 


Fig.  7.  Fig.  8. 

wing  nut — which  can  be  renewed  as  required  without  disturbing 
the  soldered  connections.  Both  set  screws  and  wing  nuts  may 
be  purchased  in  any  sizes  desired.  For  resistance  wire,  the  la 
la  wire  furnished  by  Hermann  Boker,  106  Duane  Street,  New 
York  City,  will  be  found  most  suitable. 

Group  II:  Simple  Measurements  in  Current,  Voltage,  and 
Power,  for  the  Electrical  Laboratory. 

(a)  Fall  of  Potential  in  a  Conductor. 

As  a  first  exercise  with  this  equipment,  the  one  commonly 
known  under  the  title  "Fall  of  Potential  along  a  Conductor," 
and  now  given  in  many  schools,  is  a  selection  which  cannot  be 
bettered.     The  exercise  needs,  however,  in  many  instances,  to 
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be  broadened  and  made  more  complete,  and  to  be  removed  from 
the  "dinky"  class.  Fall  of  potential  should  be  measured  on  a 
low  reading  voltmeter.  The  "drop"  over  each  successive  foot 
length  of  conductor  with  the  same  current  should  be  noted,  the 
drops  over  one  foot,  two  feet,  three  feet,  etc.,  of  wire  should 
be  compared,  and  the  drop  over  a  given  length  of  conductor 
with  currents  of  i  ampere,  2  amperes,  3  amperes,  etc.,  should 
be  compared,  until  the  pupil  is  able  to  formulate  definite  state- 
ments of  the  relation  of  fall  of  potential  to  current  and  resist- 
ance. 

(&)  Current,  Voltage,  and  Resistance  in  Series  and  Multiple 
Circuits. 

A  second  exercise  which  provides  most  valuable  ideas  about 
series  and  multiple  circuits,  the  current  and  voltage  conditions 
in  such  circuits,  the  connections  and  use  of  instruments,  deter- 
mination of  resistances  by  the  fall  of  potential  method,  etc.,  is 
suggested  by  the  following,  which  is  a  copy  of  the  direction 
sheet  furnished  the  student: 

SXPERIMENT  43-2.  CURRENT,  VOLTAGE,  AND  RESISTANCE 
IN  SERIES  AND  MULTIPLE  CIRCUITS.' 

Apparatns  in  the  Laboratory:  110- volt  direct  current;  three  resistance 
coils  having  a  low  temperature  coefficient. 

ApparatTis  from  the  Stock  Room:  D.C.  voltmeter;  D.C.  ammeter; 
15-ampere  fuses. 

Part  1.    Measurement  of  Current : 

1.  Join  the  three  coils  in  series,  and  connect  them  across  a  110-volt 
D.C.  circuit    Place  a  suitable  range  ammeter  successively:     (See  note.) 

(a)  Between  coil  1  and  power. 

(b)  Between  coil  1  and  coil  2. 

(c)  Between  coil  2  and  coil  3. 

(d)  Between  coil  3  and  power. 

Leave  the  ammeter  in  circuit  for  a  short  time  in  each  case,  and  observe 
any  fluctuation  in  the  reading. 

Record  the  average  ammeter  reading  in  each  place.  What  conclusion 
can  you  draw  regarding  the  current  in  a  series  circuit?  Where  should 
an  ammeter  be  placed  in  such  circuits?  Include  a  diagram  of  the  coils 
and  connections  in  your  report  and  indicate  the  (a),  (b),  (c),  etc.,  posi- 
tions of  the  ammeter  on  the  diagram. 

Note:  Use  a  short-circuiting  switch  with  the  ammeter.  Have  the  am- 
meter short-circuited  when  the  switch  to  power  is  first  closed:  this  will 
protect  the  ammeter  if  your  connections  are  wrong. 

2.  Join  all  the  coils  in  multiple  across  the  llQ-volt  circuit,  using  an 
ammeter  cut-out  switch  as  in  the  note. 

Take  the  average  reading  of  the  current  with  the  ammeter: 


OProm  Physics  I^aboratory  Notes.  Part  II.      Copyritht  1911,  by  J.    M.  Jsmeson. 
Brooklyn.  N.  Y.) 
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<fl)     In  the  line  between  the  coils  and  power. 

<6)     In  the  circuit  of  No.  1  alone. 

<c)     In  the  circuit  of  No.  2  alone. 

(d)     In  the  circuit  of  No.  3  alone. 

Compare  the'  sum  of  the  currents  in  (b),  (c),  and  (d)  with  the  current 
in  (a).    Conclusion? 

Where  must  an  ammeter  be  placed  to  measure  the  current  in  a  branch 
^rcuit  ? 

Include  a  diagram  of  the  coils  and  connections  in  your  report  and  indi- 
cate the  (a),  (b),  (c),  etc.,  positions  of  the  ammeter  on  tlie  diagram. 

3.  Join  two  coils  in  multiple  and  put  this  multiple  circuit  in  series  with 
^e  third  coil  across  the  110- volt  circuit 

Take  ammeter  readings  of  the  average  current  for :  (a)  each  branch  of 
die  multiple  circuit;  (b)  the  third  coil  and  main  line.  Compare  the  sum 
of  the  currents  in  (a)  with  the  current  in  (b).  Include  a  diagram  of  the 
coib  and  connections  in  your  report  and  indicate  the  (a)  and  (b)  positions 
of  the  ammeter  on  the  diagram^ 

Part  II.    Measurement  of  Voll'age: 

1.  Connect  the  coils  all  in  se  ies  across  110  volts,  and  with  a  suitable 
voltmeter  take  the  drop  across: 

(a)     All  three  coils. 

(6)     Each  coil  alone. 

Leave  the  voltmeter  connected  for  a  short  time  in  each  case  and  observe 
any  fluctuation  in  its  reading.    Record  the  average  drop. 

Compare  the  sum  in  (b)  with  the  reading  in  (a).  What  conclusion  can 
jou  draw  regarding  the  voltage  in  a  series  circuit  ? 

With  a  constant  potential  of  115  volts  at  the  power  switch,  what  will 
be  the  effect  upon  the  current  flowing  through  each  unit  if  the  resistance 
of  any  unit  is  decreased? 

Include  a  diagram  of  the  circuit  in  your  report  and  indicate  the  (a)  and 
Cb)  positions  of  the  voltmeter  on  the  diagram. 

2.  Connect  the  three  coils  in  multiple,  and  take  the  drop  between  the 
bind  posts  of  each  coil.    Compare  these  readings. 

Assuming  a  constant  voltage  of  115  volts  at  the  power  switch,  would 
a  loose  connection  in  any  branch  affect  the  drop  across  the  multiple  group? 
If  so,  how?  Would  it  affect  the  line  current?  If  so,  how?  What  will  be 
the  effect  upon  the  drop  across  the  group  if  the  resistance  of  any  unit 
is  decreased?  Upon  the  current  through  that  unit?  Through  each  of 
the  other  two  units?    In  the  line? 

Part  III.  Computation  of  Resistance  from  Ammeter  and  Voltmeter 
Readings : 

From  your  readings  in  Part  I  and  Part  II,  compute : 

(a)  The  resistance  of  each  coil. 

(b)  The  joint  resistance  of  all  three  in  multiple. 

Compare  the  value  obtained  in  (b)  with  the  value  of  the  joint  resistance 
computed  from  the  separate  resistances  of  the  coils  by  the  usual  method. 

The  above  exercise,  which  as  here  given  is  rather  long,  may 
l)e  broken  up  into  separate  short  exercises,  or  in  other  ways 
shortened  to  meet  the  requirements  of  the  laboratory  schedule. 
The  coils  which  are  recommended  are  shown  in  Figure  9.  These 
are  made  of  double  cotton  covered  la  la  wire  wound  on  two 
inch  iron  pipe.    A  covering  of  thin  asbestos  sheet  over  the  pipe 
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before  the  wire  is  wound  on  prevents  short  circuits  between  the 
coils  and  pipe.  Only  one  layer  of  wire  should  be  wound  on 
the  pipe  if  possible,  and  both  ends  of  the  pipe  should  be  left 
open.  This  construction  provides  for  cooling  through  free  con- 
tact with  the  air.  Coils  of  about  60  ohms,  80  ohms,  and  100 
ohms  (preferably  not  in  these  exact  simple 
ratios)  will  Le  found  desirable.  These  may 
be  connected  in  series  or  individually  across 
no  V  power  mains  without  excessive  heat- 
ing, and  as  the  temperature  coefficient  of  la 
la  wire  is  negligible,  the  resistance  will  not 
F10.9.  Resistance  change  appreciably  with  change  of  tempera- 

COILS  FOB  SeBIES  AND     tUrC. 

Multiple      Connec-        ^^^      ^ttm       and  Resistance  for  Incan- 

TIONS   ACBOSS    110    V.        ,    "^    '^         _  _.,  T>.-«.  ^ 

descent  LampaFuaments  at  Dtnerent  Tern" 
peratures. 

The  data  and  curves  for  this  exercise  furnish  very  interesting 
and  instructive  comparisons  between  the  electrical  properties 
of  carbon  and  metallic  filament  lamps,  especially  as  to  their  re- 
spective change  in  resistance  due  to  change  in  temperature. 
The  series  lamp  bank  used  has  the  lamp  sockets  mounted  on  a 
slate  base,  with  a  dial  contact  maker  for  cutting  lamps  into  or 
out  of  circuit.  The  procedure  of  the  exercise,  readings  re- 
quired, computation,  etc.,  will  be  understood  from  the  suggested 
direction  sheet  for  the  student. 

EXPERIMENT  43-6.  THE  EFFECT  OF  TEMPERATURE  ON  THE 
RESISTANCE  OF  A  LAMP  FILAMENT.' 

Apparatus  in  the  Laboratory:  110-volt  direct  current;  series  lamp 
resistance. 

Apparatus  from  the  Stock  Room:6-ampere  fuses;  lamps  to  be  tested. 

These  should  be  of  several  types. 

Connect  your  apparatus  with  the 
llQ-volt  circuit  as  shown  in  the  dia- 
gram, using  first  a  carbon  filament 
test  lamp,  (The  voltmeter  is  here 
connected  around  the  ammeter  so 
that  the  latter  may  read  the  true  cur- 
rent through  the  lamp.)  Put  a  fuse 
in  the  line  to  protect  the  ammeter. 

Take  readings  of  both  voltmeter 
and  ammeter  with  all  the  lamps  in  the 
lamp  board  in  series  with  test  lamp. 
Then  cut  out  one  lamp  at  a  time. 


EFFECT  OF  TEMPERATURE  ON  THE 
RESISTANCE  OF  AN  INCANDESCENT  LAMP 


^Sec  foot  note  page  331. 


Digitized  by  LjOOQIC 


334 


SCHOOL  SCIENCE  AND  MATHEMATICS 


and  take  readings  of  the  voltmeter  and  the  ammeter  for  each  step  until 
the  last  reading  is  for  the  test  lamp  alone.  The  ammeter  and  voltmeter 
should  be  read  simultaneously. 

Compute  the  resistance  of  the  test  lamp  for  each  current. 

You  have  no  actual  measurement  of  temperature  here,  but  as  the  cur- 
rent increases  the  temperature  of  course  rises — very  perceptibly  for  the 
last  two  or  three  readings. 

Plot  a  curve  from  your  data,  using  the  resistance  of  the  lamp  as 
ordinates,  the  curren|  as  abscissae. 

What  conclusion  may  be  drawn  regarding  the  effect  of  increase  of  tem- 
perature on  the  resistance  of  the  filament? 

Test  in  the  same  way  lamps  having  a  treated  carbon  filament,  and 
lamps  having  a  metal  filament  as  in  the  tantalum  and  tungsten  lamps. 
Plot  curves  for  each  and  compare  the  filaments  as  to  their  change  in 
resistance  with  rise  in  temperature. 

Problem:    Measure  on   a   Wheatstone   bridge,   the   resistance   of   the 

tungsten  filament  lamp  at  room  temperature  (20**  C).  Using  the  tem- 
perature coefficient  of  tungsten  as  .0051,  compute  the  temperature  of  the 
filament  when  used  at  full  candle  power  on  rated  voltage. 

{d)  Study  of  a  Model  of  an  Incandescent  Lighting  System. 

A  most  interesting  and  valuable  laboratory  exercise  is  fur- 
nished by  a  study  of  the  current,  voltage,  and  power  distribution 
in  an  incandescent  lighting  system,  and  a  determination  of  the 
transmission  losses.  The  model  of  a  two-wire  system,  used  for 
this  purpose  at  Pratt  Insti- 
tute, is  shown  in  Figure  lo. 
The  feeders  and  lamp  clus- 
ters are  here  mounted  upon  a 
frame  6x8  feet  in  size,  which 
also  supports  a  shelf  upon 
which  the  necessary  instru- 
ments may  be  assembled.  On 
the  back  of  this  frame  (not 
shown  in  the  cut)  is  mounted 
a  similar  three-wire  distrib- 
uting system.  This  frame 
was  designed  to  economize 
space  in  the  laboratory,  and 
because  there  was  no  avail- 
able wall  space  upon  which 
the  wire  could  be  run.     For 

the  same  reason,  number  14  German  silver  wires,  with  standard 
rubber  core  and  braid  insulation,  are  used  for  feeders.  Because 
of  their  higher  resistance,  these  give  in  the  comparatively  short 
lengths  between  lamp  clusters  a  fall  of  potential  which  is  com- 
parable with  that  which  would  exist  in  a  regulation  line  between 


Fig.  10.    Model  of  an  Incan- 
descent Lighting  Circuit. 


Digitized  byLjOOQlC 


OPPORTUNITY  BEFORE  PHYSICS  TEACHERS  335 

the  first  and  second,  second  and  third,  etc.,  floors  of  a  building. 
Where  there  is  room  in  the  laboratory,  long  copper  feeders  and  a 
different  arrangement  of  the  system  might  be  used  to  advantage. 
At  the  beginning  of  the  exercise,  the  instructor  specifies  the 
number  and  type  of  lamps  to  be  used  at  each  cluster.  By  vary- 
ing the  number  of  lamps  at  the  various  groups,  using  32  candle 
power  lamps,  metallic  filament  lamps,  etc.,  each  group  of  stu- 
dents may  be  provided  with  a  special  problem.  The  power 
switch  which  supplies  the  system  is  regarded  as  the  generator. 
A  suggested  form  of  direction  sheet  for  the  student  is  here  given 
to  show  the  data  that  the  student  may  be  expected  to  take  and 
the  ccHnputation  involved.  These  directions  are  for  a  D.  C. 
system.  A  similar  procedure  may  be  followed  with  an  A.  C. 
system. 

Sxperiment  46-1.  The  MeMorement  of  the  Onrrent,  Voltage,  and 
Power  of  a  Model  Lightiiig  Oircnit.    Two-Wire  System.^ 

ApparatOB  in  the  Laboratory:  Model  lighting  circuit  board;  110- volt 
direct  current. 

Apparatus  from  the  Stock  Boom:    Ammeter;  voltmeter;  yard  stick; 

15-ampere  fuses. 

The  line  wires  are  No.  14  German  silver,  resistance  180  ohms  per  mil- 
foot,  to  furnish  in  the  short  space  of  the  laboratory,  conditions  similar 
to  those  of  an  actual  incandescent  lighting  circuit. 

Get  directions  from  an  Instructor  regarding  the  number  of  lamps  to  be 
used  in  the  line,  and  their  arrangement.  Record  all  readings  of  current, 
voltage,  etc.,  on  a  single  outline  diagram  of  the  line. 

The  switch  at  the  end  of  the  line  is  to  be  regarded  as  the  source  of 
power.  Measure  the  voltage  at  this  switch  and  the  current  in  each  section 
of  the  line  at  this  voltage. 

Measure  the  distance  from  the  switch  to  the  first  group  of  lamps,  also 
the  distance  from  each  group  to  the  next  succeeding  group.  (Measure  in 
•each  case  to  the  point  on  the  mains  at  which  the  short  leads  from  the 
lamps  are  attached.  The  resistance  of  the  short  copper  leads  to  the  lamps 
may  be  neglected.) 

From  its  length  and  mil- foot  resistance,  compute  the  resistance  of  each 
section  of  the  line.  Compute  also  the  "drop"  over  each  section,  and  the 
voltage  at  each  group  of  lamps.  Check  your  computed  voltage  by  com- 
parison with  the  voltmeter  readings  across  the  lamps.  As  the  supply 
-voltage  may  fluctuate,  one  voltmeter  should  he  kept  connected  across  the 
supply  szuitch,  and  the  voltage  at  the  lamps  should  be  read  from  a  second 
voltmeter  when  the  voltage  at  the  switch  is  at  the  proper  value. 

From  your  data  determine  also : 

1.  The  watts  delivered  at  the  power  switch. 

2.  The  watts  expended  in  each  section  of  the  feed  wires. 

3.  The  watts  expended  in  each  group  of  lamps. 

4.  The  total  watts  supplied  to  the  lamps,  and  the  total  line  loss. 

5.  The  "efficiency"  of  the  line — i.e.,  per  cent  of  the  total  power  supplied 
which  is  delivered  to  the  lamps. 

6.  The  resistance  of  each  group  of  lamps  and  the  average  hot  resist- 
ance of  a  single  lamp. 

Show  all  computations  in  your  report. 


iSce  foot  flote  pste  331. 
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PROBLEM  DEPARTMENT. 

By  E.  L.  Brown, 
Principal  North  Side  High  School,  Denver  Colo. 

Readers  of  this  magasine  are  invited  to  send  solutions  of  the  problems 
in  which  they  are  interested.  Problems  and  solutions  will  be  duly  cred' 
ited  to  their  authors.  Address  all  communications  to  E.  L.  Brown,  343^- 
Alcott  Street,  Denver,  Colo. 

Algebra. 

276.    Example  55,  page  US,  Hawkes'  Advanced  Algebra. 
Solve:         —^  =  -j^.  (1) 

Solution  by  T.  E.  Peters,  Denton,  Texas,  and  Nelson  L.  Roray,  Metu- 
chen,  N.  J. 

Dividing  (2)  by  (1)  we  haive 


r-a)-(S)^fEf- 


Sabttitnte  in  (3),  we  obtain 

Solving  (4)  88  a  qnadratic  we  find 

^*  ^  T=ib  '      ^*°'*'  *==^  "^  1^^' 
By  inspection  we  aee  at  once  that  x^=a  andy=b.    Hence,  the  other  value 

of  ^  ia  found  by  dividing  the  absolute  term  of  (4)  by  b,  giving  -z j  • 

The  other  value  of  x  and  of  ^  is  infinity. 

277.    Proposed  by  E.  A.  Cummings,  Denver,  Colo. 

Five  balls  are  in  a  bag,  and  it  is  not  known  how  many  of  these  are 
white;  two  being  drawn  are  both  white.  Find  the  probability  that  alf 
are  white. 

Solution  by  I.  L.  Winckler,  Cleveland,  Ohio. 

We  may  make  four  hypotheses:  (1)  all  five  balls  are  white;  (2)  four 
white  and  one  black;  (3)  three  white  and  two  black;  (4)  two  white  and 
three  black. 

The  probability  of  drawing  2  white  on  the  first  hypothesis  is  1,  on  the 
second  is  %,  on  the  third  is  .3,  on  the  fourth  is  .1. 

Therefore  the  probability  of  the  first  hypothesis  being  true  is 

1-a  +  l  +  A-f  A)  =  >i. 
Oeometry. 

273.    Proposed  by  H.  H.  Seidell,  St.  Louis,  Mo. 

The  chord  of  a  segment  is  10  feet  and  the  radius  of  the  circle  is  16 
feet  Find  the  area  of  the  segment. 

I.  Solution  by  T.  MT  Blakslee,  Ames,  Iowa,  and  A.  M.  Harding^ 
Payetteville,  Ark. 
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Area  of  tegmeot  =  2  (^r*^)  —  51/231,  where  ^=^  the  angle  snbtendcdi 
at  center  by  segment,  and  where  1/231  «>  length  of  perpendicular  fronn 
center  to  chord. 

.-.  Area  =  16^  •  sin-*  (^W Sl/'lS  =  5.37  aq.  ft. 

II.  Solution  by  R.  £.  Botuman,  Alliance,  0„  and  C.  A,  Perrigo,  Dodge, 
Neb. 

Let  A  =  area  of  segment,  c  =  length  of  chord,  and  h  =  height  of 
segment. 

Then  A  =  §^A+-^=§X10XA  +  ( Ay^/20  =  5.37  aq.  ft. 

III.  Solution  by  Nelson  L.  Roray,  Metuchen,  N.  J. 

By  Hnyghens'  Formnla  the  approximate  length  of  the  arc  of  this  chord 

SB—A 
is  — - —  ,  where  A  is  chord  of  arc  and  B  is  chord  of  one-half  the  arc.    , 

Since  A=10  and  R=16,  /.  B«4(i/21-l/n) . 
.-.  Arc  of  A=  32(l/^^i/n)-10 

.-.  Area  of  sector  =  f  [32(i/2i— i/ll)— lO]. 
Area  of  triangle  =  5t/231. 

. •.  Area  of  segment  =  ^  (i/2i- vTl)—  y  — 5l/231=5.37  sq.  ft. 

Remark  by  Editor. 

Prom  elementary  geometry  we  have  a^^^r  (2r—  l/4r*— ^)  J", 
where  rasradins  of  circle,  b  chord  of  any  arc  and  a  chord  of  one-half  the 
same  arc.    By  repeated  use  of  this  formula  the  approximate  length  of  aic* 
subteoded  by  b  may  be  found.    Then  solve  as  in  III  above. 

279.    Proposed  by  Olaf  K.  Lie,  Richmond,  Mass, 

In  a  sphere  is  inscribed  a  cone  whose  volume  is  one- fourth  the 
volume  of  the  sphere.  Find  the  altitude  and  the  radius  of  the  base  of 
the  cone. 

I.  Solution  by  A.  M,  Harding,  Payetteville,  Ark.,  and  H.  A.  Porter^ 
Liberty  Hill,  Tex. 

Let  Rsradins  of  sphere,  A=altitude  of  cone  and  r&=radius  of  its  base. 

Then  r=[R»-(A-R)«]*=[2AR— R«]*. 

Also  H»Ar»=X(t»R*)  or  Ar«=R«. 

.-.  A(2AR-A«)=R«. 

.-.  A«-2A«R+R»=(A-R)(A«— AR--R«)=0. 

.•.A=Ror-~(l/r+l). 

Then  r=R  or  -|^  [  2  i/5'-2]*. 

II.  Solution  by  Nelson  L,  Roray,  Metuchen,  N.  J. 

Given  sphere  O  with  inscribed  cone  ABC  whose  volume  is  }i  of  volume 

tR* 
of  sphere  or —r—        To  find  altitude  and  radius  of  base  of  cone. 

Solution  for  a  right  cone.  Let  the  perpendicular  OD  from  the  center 
of  the  sphere  to  the  base  of  the  cone  be  x,  then  altitude  AD  of  cone  w 
R  +  jr.    Then  BD  radius  of  base  of  cone  is     i/rCP. 
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J  Vol.  of  cone  it  »•  ^^  (R"-*^. 


i 


-y  (R+:r)(R«-;r«)=  ^. 


2 

[  That  is  the  altitude  of  the  cone  is  equal  to  the  radius  of  the  sphere 

'  and  the  radius  of  its  base  is  the  radius  of  the  sphere,  that  is,  its  base  is 

-,  a  great  circle  of  the  sphere.    The  altitude  is  ^"^"^^^    and  radius  of 

2 

ba-c^^2i/T-2- 

In  the  latter  case  the  perpendicular  sect  from  the  center  of  the  sphere 
to  the  base  of  the  cone  is  equal  to  a  side  of  the  regular  decagon  in- 
scribed in  a  great  circle  of  the  sphere,  and  the  altitude  of  the  cone  is 
double  the  apothem  of  the  regular  inscribed  pentagon. 
\  280.    Selected. 

;  Prove  that  the  circumcircle  of  the  triangle  formed  by  any  three  of 

{  the  four  common  tangents  to  two  circles  passes  through  the  mid-point 

\  of  the  line  joining  their  centers. 

I.    Solution  by  G.  Sergent,  San  Mateo,  Cal, 

Let  ABC  be  the  triangle  formed  by  the  three  tangents  TiT„  T.T<,  TsTt. 
The  right  triangles  MTiA  and  MTiA  are  equal;  likewise  the  right  tri- 
angles NT«A  and  NT4A.  .*.  MA  and  NA  are  the  bisectors  of  the  supple- 
mentary angles  TaAT*  and  T»AT«,  respectively,  and  are  perpendicular  to 
)  each  other.    The  angle  MAN  being  a  right  angle,  A  is  on  the  circle  P 

described  on  MN  as  a  diameter. 


Similarly  it  can  be  proved  that  MB  and  NB  are  perpendicular  and  that 
B  lies  on  the  same  circle;  likewise  A'  and  B'. 

In  circle  P  the  ZAPM  is  measured  by  arc  AM,  i.  e,  Yi  arc  AA',  the 
arcs  AM  and  A'M  being  equal  by  symmetry.  In  the  same  circle  ZABC 
is  measured  by  y2  arc  AA'  .*.  ZAPM  =  ZABC,  and  consequently  ABC 
and  APC  are  supplementary.     Hence   the   quadrilateral   ABCP   is   in- 
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scriptible,  that  is  the  circumcircle  of  ABC  passes  through  P,  the  mid' 
point  of  MN. 

In  a  similar  manner  the  proposition  can  be  proved  for  a  triangle: 
formed  by  the  two  external  and  one  internal  tangent. 

II.    Solution  by  R.  M,  Mathews,  Chicago,  III. 

The  circumcircle  of  the  triangle  formed  by  any  three  of  the  four 
common  tangents  to  two  circles  passes  through  the  mid-point  of  the  line 
joining  their  centers. 

We  know  that  in  any  triangle  the  vertices  are  concyclic  with  the  mid- 
points of  the  lines  joining  the  incenter  and  excenters  two  by  two.  Con- 
sider the  set  of  four  common  tangents  of  two  circles.  For  either  triangle- 
formed  by  tangents  two  direct  and  one  transverse  the  smaller  triangle  is 
in-circle  the  other  an  ex-circle;  for  either  triangle  formed  by  tangents,- 
two  transverse  and  one  direct,  the  circles  are  ex-circles.  Hence,  in  any 
case,  the  cirumcircle  of  any  triangle  formed  by  three  of  the  four  common: 
tangents  of  two  circles  passes  through  the  mid-point  of  the  line  joining 
their  centers. 

Triconometry. 

281.    Proposed  by  Franklin  T.  Jones,  Cleveland,  Ohio. 

In  a  right  spherical  triangle,  the  sum  of  two  legs,  a  and  b,  is  180",  and 
the  sum  of  the  opposite  angles  A  and  B,  is  also  180*.  If  in  such  a 
triangle  A=S^,  find  the  lengths  of  the  sides.  (From  an  entrance  ex- 
amination paper  of  Harvard  University). 

I.  Solution  by  A.  C.  Smith,  Denver,  Colo.,  and  T.  M,  Blakslee,  Ames,* 
Iowa. 

Cos  A  &=  cos  a  sin  B 

Sin  B  =  tin  A,  since  A  +  B  =  180°. 

.*.  Cos  A  =  cos  a  sin  A 

.*.  cos  a  =  cot  A  =  cot  5°  >  1,  which  is  absurd. 

Hence  the  triangle  is  impossible. 

II.  Solution  by  I.  L.  Winckler,  Cleveland,  Ohio. 

The  spherical  triangle  given  is  impossible.  Suppose  a',  b\  e'  the  sides- 
of  the  polar  triangle  of  the  given  triangle.    Then  a'  <  6'  -f  r \ 

.'.  in  the  given  triangle  »  —  A<»  —  B  +  ir  —  C,  and  since  C  «  ~- 

this  reduces  to  B  <  4- +  A (1) 

In  the  triangle  as  given  A  =  5*.  .'.  since  A  +  B  s  180%  B  s  175°.  By 
(1)  B  <  95°  in  order  that  the  triangle  be  possible. 

In  the  case  where  the  two  angles  of  a  right  spherical  triangle  are 
given  the  other  parts  are  determined  without  ambiguity,  but  there  are 
certain  limitations  in  order  to  insure  a  possible  triangle. 

(1)  If  A  <  -J-  then  B>    -y-AandB<-y-+A 

(2)  If  A  >  -j-  then  B  >A-  ■yandB<  -y^-A 

OBEDIT  I'OB  SOLUTIONS  BEOEIVED. 

270.    R.  M.  Mathews.     (1) 

273.  R.  M.  Mathews.     (1) 

274.  R.  M.  Mathews.     (1) 
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276.  A.  M.  Harding,  T.   E.   Peters,   H.  A.   Porter,   Nelson  L.  Roray, 

Jacob  P.  Sauter.    (5) 

277.  H.  G.  McCann,  I.  L.  Wincklcr.    (2) 

278.  T.  M.  Blakslee,  R.  £.  Bowman,  (2  solutions)  A.  M.  Harding,  C. 

A.  Perrigo  (2  solutions),  Nelson  L.  Roray,  Donald  C.  Steele,  (8) 

279.  T.  M.  Blakslee,  R.  £.  Bowman,  A.  M.  Harding,  R.  M.  Mathews, 

H.  G.  McCann,  H.  A.  Porter,  Gertrude  L.  Roper,  Nelson    L. 
Roray,  I.  L.  Wincklcr.     (9) 

280.  A.  M.  Harding,  R.  M.  Mathews,  Nelson  L.  Roray,  G.  Sergent     (4) 

281.  T.  M.  Blakslee,  Nelson  L.  Roray,  A.  C.  Smith,  I.  L.  Winckler.     (4) 
Total  number  of  solutions,  35. 

PROBLEMS  FOB  SOLUTION. 
Algebra. 

292.  Selected, 

24r*  —  4jr*  +  ICr*  +  A\x  —  30  =  0  has  the  sum  of  three  of  its  roots 
equal  to  zero.    Find  all  the  roots. 

293.  Proposed  by  H.  B,  Escott,  Ann  Arbor,  Mich, 
Solve  (a*  —  fr")  x"  =  4&*  (a-«  +1)  (;r"  —  ^  +  1) 

Oaometry. 

294.  Proposed  by  A,  C,  Smith,  Denver,  Colo, 

If  s  be  the  semiperimeter  of  a  triangle,  ri,  rt,  rs  the  radii  of  its  escribed 
xircles  prove  that 

:29S.    Proposed  by  I.  N,  Warner,  Plattesville,  Wis, 

If  from  any  point  A  on  a  circle  the  chords  AB,  AC  are  drawn  so  as 
vto  trisect  the  area  of  circle,  find  angle  between  the  chords. 

296.    Proposed  by  Nelson  L.  Roray,  Metuchen,  N.  J, 

llf  O,  O'  be  any  isogonal  conjugate  points,  with  respect  to  the  triangle 
ABC,  and  if  OL,  OX'  be  perpendicular  to  BC ;  OM,  O'M'  perpendicular 
to  AC;  and  ON,  O'N'  perpendicular  to  AB;  show  that  the  six  points  L, 
M,  N,  L',  M',  N',  are  concyclic  with  mid-point  of  OO'  and  that 
MN  is  perpendicular  to  AO'.  (Lachlan's  Modern  Pure  Geometry,  p.  56, 
«x.  2.) 

Notice. — Mr.  A.  C.  Smith,  Denver,  Colo.,  has  called  our  attention  to 
•the  fact  that  in  solution  I  of  Problem  259,  p.  150,  February  number,  the 
«quation  Sx*  —  23;r*  —  4  =  0  does  not  follow  from  the  preceding  equa- 
tion.   Hence  the  solution  is  incorrect. 
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80IEN0E  QUESTIONS. 

By  pRANKtiN  T.  Jones, 
University  School,  Cleveldnd,  Ohio, 

Our  readers  are  invited  to  propose  questions  for  solution — scientific  or 
pedagogical — and  to  answer  the  questions  proposed  by  others  or  by  them^ 
selves.  Kindly  address  all  communications  to  Franklin  T,  Jones,  Univer- 
sity School,  Cleveland,  Ohio, 

Wanted— Information. 

What  are  you  doing  that  is 

dijferentf 

better  than  you  have  done  before? 

neuf^ 

old  but  producing  good  results? 

helpful  to  the  less  experienced  teacher? 

unknown  to  the  rest  of  us  ? 

Write  it  up  and  send  to  the  Editor. 

Open  Book  Tests. 

By  a.  p.  Andrews, 
Minneapolis,  Minn, 

In  preparing  an  open  book  test  the  underlying  thought  must  be  how 
to  arrive  at  a  knowledge  of  the  students'  understanding  of  a  subject. 
The  nature  of  the  test  naturally  excludes  questions  which  involve  ONLY 
the  exercise  of  memory,  and  also  any  questions  the  answers  to  which  may 
be  copied  directly  from  the  text.  These  considerations  have  given  rise 
to  the  criticisms  that  the  open  book  method  of  conducting  tests  greatly 
limits  the  number  of  questions  that  it  is  possible  to  ask,  in  fact  makes 
it  practically  impossible  to  cover  certain  portions  of  the  text  with  ques- 
tions that  would  be  worth  while  under  this  plan.  The  suggestion  has 
even  been  offered  that  such  a  test  would  have  to  consist  of  problems 
exclusively. 

While  there  is  truth  in  these  statements,  there  are,  nevertheless,  enough 
questions  available  to  make  it  very  much  worth  while  to  give  a  test  of 
this  kind.  Perhaps  a  few  illustrations  may  serve  to  show  how  the  work  of 
making  the  questions  is  approached.  As  a  first  example  take  the  matter 
of  electrical  capacity.  In  place  of  asking  for  the  definition,  this  simple 
problem  is  set :  If  it  takes  15  units  of  charge  to  raise  the  potential  of  an 
uncharged  condenser  to  two  volts,  what  is  its  capacity?  An  answer  to 
this  question  will  give  the  teacher  a  line  on  the  students'  knowledge  of 
capacity  which  the  mere  statement  of  a  definition  could  never  do.  This 
particular  question  has  the  further  merit  that  it  can  be  quickly  answered 
and  almost  instantly  rated.  Another  type  of  question  may  be  illustrated 
from  the  subject  of  magnetism.  In  a  certain  article  of  our  text  (Milli- 
kan-  and  Gale)  there  is  described  a  number  of  experiments  upon  which 
is  based  the  theory  of  the  molecular  nature  of  magnetism.  A  question 
bearing  on  this  paragraph  and  having  a  practical  application  is :  Taking 
into  consideration  the  experiments  described  in  article  315,  what  are  some 
precautions  that  should  be  observed  to  prevent  a  magnet  from  losing  its 
magnetism?  Sometimes  the  students  are  asked  to  make  (for  someone 
else  to  solve)  a  simple  problem  that  shall  involve  no  other  quantities  than 
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those  directly  concerned  in  some  designated  law  or  principle.  Then  there 
is  a  type  of  question  which  may  test  a  student's  grasp  of  a  subject  as  a 
whole.  For  example:  Sta^e  and  discuss  the  kinetic  theory  of  gases 
devoting  not  more  than  eighty  words  to  it  The  main  point  in  limiting  the 
discussion  is  to  measure  the  student's  ability  to  select  the  essential  facts — 
and  incidentally  to  protect  the  teacher  from  "blanket"  answers.  Then, 
too,  the  teacher  must  remember  that  many  questions  that  to  him  would 
seem  ridiciously  simple  with  the  open  book  are  not  so  to  many  of  the 
students.  I  often  put  into  my  tests  a  very  simple  and  easy  question,  for 
example,  one  like  this:  What  was  the  purpose  of  Joule's  numerous 
experiments  in  heat?  This  has  not  much  value  for  perhaps  the  majority 
of  the  class  but  it  often  serves  the  purpose  of  helping  the  teacher  to  find 
the  WEAKEST  students.  Of  course  a  question  of  this  character  should 
not  be  rated  equally  with  other  more  important  ones. 

From  considerations  like  the  above  it  should  not  be  so  difficult  to  make 
one  or  more  sets  of  questions  that  would  fairly  cover  any  subject  in 
physics.  To  test  whether  there  really  was  any  shortage  in  materials 
suitable  for  open-book  examinations,  I  recently  took  my  file  of  School 
SciENCfi  AND  Mathematics  and  going  through  the  Science  Question  de- 
partment of  every  number,  wrote  down  such  questions  and  problems  as 
I  would  be  willing  to  submit  to  my  classes.  To  my  surprise  I  came  away 
with  a  list  of  fifty-six. 

As  a  closing  remark  I  would  like  to  call  attention  to  a  danger  that  is 
likely  to  be  encountered  in  classes  which  are  given  open-book  tests.  The 
point  is  that  in  placing  so  much  emphasis  on  the  understanding,  the 
importance  of  the  memory  may  be  underestimated.  Memory  has  its  place 
in  science  teaching  as  well  as  in  every  other  subject,  and  while  the  open- 
book  system  does  place  the  emphasis  on  the  comprehension  it  need  not 
do  so  at  the  expense  of  memory  development.  As  one  correspondent  has 
pointed  out  to  me,  great  care  must  be  taken  in  this  regard  especially 
with  beginners  whose  only  means  of  getting  the  significance  of  the  tech- 
nical terms  encountered  in  beginning  the  study  of  any  new  science  is  by 
an  effort  of  the  memory.  The  remedy  for  such  a  tendency  would  seem 
to  be  the  simple  one  of  insisting  on  the  proper  exercise  of  the  memory 
on  such  portions  of  the  text  to  which  it  should  be  rightly  applied.  Oc- 
casionally taking  five  or  ten  minutes  from  a  recitation  for  conducting  a 
PURELY  MEMORY  TEST  will  prove  a  very  effective  check. 

The  above  remarks  as  well  as  the  questions  that  follow  are  submitted 
in  the  hope  of  drawing  such  suggestions  and  criticisms  as  may  enable  the 
writer  to  strengthen  his  methods  of  testing,  as  well  by  valuable  additions 
as  by  the  elimination  of  faults. 

Answer  serially  numbered  questions. 

Magnetism  and  Static  Electricity. 

Answer  all  questions.  Time :  One  hour. 

1.  Using  a  magnetic  needle  as  a  means  of  testing,  why  is  repulsion 
of  the  needle  the  only  sure  test  as  to  whether  a  bar  of  iron  is  mag- 
netized or  not? 

2.  Explain  clearly  how  the  keeper  on  a  horseshoe  magnet  serves  its 
purpose  of  preserving  the  strength  of  the  magnet. 

72,  An  N  magnetic  pole  of  strength  24  units  is  8  cm.  from  an  S  pole 
having  4  units  of  strength.  With  how  much  force  do  they  attract  each 
other?    Name  the  unit. 
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4.  What  besides  observing  the  direction  in  which  a  compass  needle 
points  is  it  necessary  to  know  in  order  to  determine  the  true  geographic 
north  and  south  direction  at  a  place? 

5.  When  a  body  is  charged  permanently  by  induction  it  always  re- 
ceives a  charge  (like,  unlike)  the  inducing  charge.  Strike  out  the  wrong 
word  and  explain. 

6.  A  is  an  insulated  conductor  and  B  is  an  electroscope  charged  posi- 
tively. A  proof  plane  is  touched  to  A  and  then  applied  to  B.  the  elec- 
troscope, the  leaves  of  which  are  observed  to  come  together.  What 
does  this  convergence  of  the  leaves  tell  as  to  the  electrical  condition  of  A  ? 

73.  If  it  takes  90/300  of  an  erg  of  work  to  carry  two  units  of  diarge 
from  one  charged  body  to  another,  what  is  the  P.  D.  of  the  bodies? 

74.  The  capacity  of  an  electrical  condenser  is  15  units.  What  is  its 
potential  when  it  holds  225  units? 

Current  Euctriqity. 
Answer  all  questions.  Time:  One  hour. 

1.  Draw  a  diagram  of  a  D'Arsonval  galvanometer  indicating  accurately 
the  position  of  the  coil  with  reference  to  the  magnet  when  properly  set 
up  ready  for  use.  Why  does  the  coil  turn  when  a  current  is  sent  through 
it? 

2.  A  magnetic  needle  is  held  under  a  trolley  wire  in  which  the  current 
runs  east  to  west    Which  way  will  the  N  pole  turn?    Why? 

3.  Upon  what  does  specific  resistance  depend? 

4.  What  is  the  essential  difference  between  a  primary  cell  and  a  sec- 
ondary cell? 

75.  A  certain  length  of  wire  has  a  resistance  of  10  ohms  and  a  diam- 
eter of  .06  mm.  What  is  the  resistance  of  another  wire  of  the  same 
material  and  length  but  having  a  diameter  of  .32  mm? 

76.  Calculate  the  current  strength  in  the  circuit  shown  in  Fig.  1.  The 
E.  M.  F.  of  each  cell  =  1.5  volts,  the  resistance  of  each  cell  =  0.5  ohm, 
the  resistance  of  each  coil  =  15  ohms,  and  the  resistance  of  the  connect- 
ing wires  is  negligible. 
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Fig.  1  Fig.  2 

7.  Make  another  diagram  showing  how  to  connect  into  the  circuit  of 
Fig.  2  an  ammeter  and  a  voltmeter  so  as  to  show  at  the  same  time  both 
the  current  and  the  fall  of  potential  through  the  resistance  AB. 

Memory  Test  in   Magnetism. 
Questions  stated  orally.  Time:  Eight  minutes. 

1.  Name  four  properties  of  magnets. 

2.  State  two  laws  of  magnets. 

3.  Define  a  magnetic  pole  of  unit  strength. 

4.  How  is  the  strength  of  a  magnetic  field  measured? 

5.  Name  three  things  that  must  be  included  in  a  statement  of  the 
theory  of  magnetism. 

6.  Define  declination  and  inclination. 
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THE  NEW  HAEVABQ  CATALOGUE. 

At  first  glance  the  book  seems  unnecessarily  big,  but  on  closer  examina- 
tion one  realizes  that  a  list  of  some  700  instructors  and  4,500  students,  a 
description  of  900  courses  and  of  more  than  400  scholarships,  and  the 
announcements  of  a  college  and  seven  professional  schools  must  neces- 
sarily occupy  considerable  space. 

Comparing  the  book  with  its  predecessor,  some  interesting  differences 
appear.  The  number  of  instructors  has  increased  from  634  to  707,  the 
freshman  list  includes  68  more  names  or  a  total  of  739,  and  the  scholar- 
ships available  in  the  college  alone  amount  to  a  total  of  $50,000,  as  com- 
pared with  $48,000  a  year  ago. 

Professor  George  Herbert  Palmer,  sole  survivor  of  the  six  tutors  ap- 
pointed in  the  first  year  of  President  Eliot's  administration,  heads  the  list 
of  professors  giving  instruction. 

The  list  of  more  than  300  C9lleges  and  universities  from  which  students 
come  to  enter  the  Harvard  graduate  schools  indicates  the  cosmopolitan 
character  of  the  institution,  but  perhaps  this  is  brought  out  most  forcibly 
in  the  list  of  students'  home  addresses,  where  one  may  find  representa- 
tives from  India,  China,  Japan,  Siam,  Persia,  Turkey,  Germany,  England, 
and  France,  and  from  practically  every  state  in  the  Union  besides. 

Most  welcome,  probably,  to  the  boy  who  lives  at  a  distance  from  Cam- 
bridge will  be  the  information  which  the  catalogue  gives  concerning  the 
new  plan  of  admission. 

The  old  plan  undertook  to  scrutinize  the  character  of  the  work  in 
every  high  school  subject;  and  to  that  end  dictated  the  precise  topics  of 
high  school  study  and  the  exact  method  of  teaching  them.  The  new  one 
says  to  the  high  school :  "Give  your  boy  the  best  academic  education  you 
know  how,  list  any  order  of  studies  and  methods  of  instruction  you 
think  best;  then  send  him  up,  and  the  college  will  sample  his  quality  by 
examinations  and  find  out  what  you  have  made  of  him."  For  this  pur- 
pose four  examinations  are  believed  to  be  enough. 

The  school  that  does  not  feel  able  to  follow  the  college-planned  curricu- 
lum can  now,  for  the  first  time,  fit  boys  for  Harvard  and  meet  at  the 
same  time  the  needs  of  the  local  community,  and  the  boy  who  does  credita- 
ble work  in  an  unusual  course  of  study  is  given  an  opportunity  to  enter 
the  country's  oldest  university. 


VACCINATION  FOR  TYPHOID  FEVER. 

Typhoid  vaccination,  at  first  a  voluntary  measure  in  our  army,  has  since 
July  1,  1911,  been  made  compulsory  for  all  officers  and  enlisted  men  be- 
low the  age  of  45  years  and  who  have  not  had  an  authenticated  case  of 
typhoid  fever. 

The  immunization  of  the  army  has  proceeded  rapidly  until,  at  the 
present  time,  somewhat  over  60,000  men  have  completed  the  necessary 
three  inoculations.  Among  this  entire  number,  and  covering  a  period  of 
nearly  three  years,  but  twelve  cases  of  typhoid  have  developed  and  no 
death  has  occurred.  One  man  at  the  Guantanamo  Naval  Station  died  five 
days  after  the  first  inoculation  from  a  case  of  walking  typhoid.  This  is 
the  only  fatal  case  of  typhoid  in  the  government  service  in  anyone  on 
whom  the  inoculation  had  been  begun.  The  record  of  the  Maneuver 
Division  in  camp  at  San  Antonio,  Tex.,  during  the  past  summer  has  been 
most  instructive.  An  army  division  having  an  average  strength  of  12,800 
men,  all  inoculated,  occupied  the  same  camp  for  four  months,  from  March 
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to  July,  and  in  this  command  but  one  case  of  typhoid  developed.  This 
was  a  mild  case  in  a  hospital  corps  man  who  had  not  completed  the 
inoculations  necessary  for  protection.  There  were  forty-nine  cases  of 
typhoid  with  nineteen  deaths  in  the  city  of  San  Antonio  for  the  same 
four  months.  During  the  same  period  that  this  camp  existed  at  San 
Antonio,  between  three  and  four  thousand  men  were  in  camp  at  Galves- 
ton, Tex.,  and  in  this  command  no  case  of  typhoid  occurred,  while  the 
city  of  Galveston  furnished  192  cases  of  the  disease  during  the  existence 
of  the  camp.  The  city  and  the  camp  had  the  same  water,  milk,  and  food- 
supply,  the  only  difference  being  that  the  camp  had  been  protected  by 
inoculation. 

About  3,000  men  were  scattered  along  the  Mexican  border  mostly  in 
small  camps,  many  of  them  in  localities  where  typhoid  was  present,  yet 
of  this  command  only  one  man  contracted  typhoid,  which  ended  in  re- 
covery. In  a  recent  number  of  the  Journal  of  the  American  Medical  As- 
sociation, Captain  Phelan,  of  the  Medical  Corps  of  the  Army,  contrasts 
the  record  of  these  camps  with  those  of  the  concentration  camps  of  the 
Spanish-American  War,  and  says  that  it  is  inconceivable  that,  with  such 
conditions,  the  practical  abolition  of  typhoid  could  have  been  effected 
without  the  use  of  inoculations. 


THE  UNDERVALUED  BANANA. 

The  dictum  that  fruits  should  be  eaten  "in  their  season"  finds  its  limi- 
tations as  regards  variety  in  the  temperate  zones  at  certain  periods  of  the 
year.  There  is,  however,  one  fruit  which  is  readily  available  fresh  in 
American  markets  at  practically  all  seasons,  although  it  grows  best  from 
November  to  April  in  its  tropical  or  semitropical  home.  It  is  unfortu- 
nate that  an  article  of  diet  which  meets  certain  nutritive  requirements  so 
well  and  is  so  easily  obtained  at  reasonable  cost  as  the  banana  should  be 
the  subject  of  much  misunderstanding  among  both  physicians  and  laymen. 
For  despite  the  fact  that  over  forty  million  bunches  are  reported  to  have 
been  brought  to  the  United  States  last  year,  it  is  popularly  stated  in 
many  quarters  that  the  banana  is  difficult  of  digestion  and  may  give  rise 
to  alimentary  distress. 

A  closer  consideration  of  the  composition  of  the  banana  may  serve  to 
elucidate  the  situation.  The  fruit  is  brought  to  our  Northern  markets 
green,  and  is  ripened  by  artificial  heat.  This  process  can  be  hastened  or 
delayed  within  certain  limits  according  to  the  momentary  demands  of  the 
retail  trade.  The  color  of  the  peel  gives  evidence  of  the  degree  of  ripe- 
ness. The  green  banana  contains,  in  the  part  exclusive  of  the  skin,  about 
1.5  per  cent  of  the  protein  and  20  to  25  per  cent  of  carbohydrate,  almost 
entirely  starch.  In  the  ripe  banana,  with  yellow-brown  peel,  the  edible 
part  contains  somewhat  less  (16  to  19  per  cent)  of  carbohydrate;  but  that 
which  remains  is  now  almost  entirely  in  the  form  of  soluble  sugars. 
Broadly  speaking  then,  the  ripe  banana  is  about  one-fifth  sugar;  the 
green,  one-fifth  starch.  Most  of  the  remainder  of  the  edible  pulp  is 
water.  Intermediate  degrees  of  ripeness  present  starch  and  sugar  in 
reciprocal  proportions  varying  between  the  limits  set  above. 

Inasmuch  as  bananas  are  commonly  eaten  uncooked,  it  is  obvious  that 
more  or  less  raw  starch  will  be  ingested  if  the  fruit  is  not  ripe,  i.  e.,  if  the 
skin  has  not  begun  to  shrivel  and  darken.  Raw  starch  may  be  singularly 
irritating  to  the  alimentary  tract  of  man  and  is  at  best  poorly  utilized, 
whether  it  be  ingested  in  the  form  of  uncooked  potatoes,  chestnuts, 
bananas  or  other  native  starchy  foods.    No  one  would  advise  the  use  of 
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uncooked  potatoes;  yet  many  people  eschew  a  thoroughly  ripe  banana  in 
the  belief  that  this  wholesome  fruit  is  "rotten"  when  the  skin  becomes 
darkened,  whereas  they  eagerly  eat  the  yellow-green  starch-bearing  fruit 
at  a  stage  of  incomplete  ripeness.  '*Green"  bananas,  like  "green"  apples, 
are  unwholesome  so  long  as  the  starch  has  not  been  adequately  converted 
into  sugars  in  the  ripening  process.  But  the  delicious  and  innocuous  ripe 
banana  should  not  be  made  to  suffer  in  its  dietetic  reputation  because  of  the 
ignorance  of  the  consumer.  Here  is  a  chance  for  popular  education,  says 
the  Journal  of  the  American  Medical  Association  in  a  recent  editorial. 


BOOKS  BEOEIVED. 


Physiography  for  High  Schools,  by  Albert  L.  Arey,  Frank  L.  Bryant, 
William  W.  Clendennis  and  William  T.  Mourey  of  the  New  York  City 
High  Schools.  Pages  vi+4S0.  14x21  cm.  Cloth,  1912.  D.  C.  Heath  & 
Company,  Boston. 

Theoretical  and  Physical  Chemistry,  by  S.  Lawrence  Bigelow,  Univer- 
sity of  Michigan.  xiii-|-544  pages.  15x22  cm.  Cloth,  1912.  The  Century 
Co.,  New  York. 

Laboratory  Problems  in  Physics,  by  Franklin  T.  Jones,  University 
School,  Cleveland,  and  Robert  R.  Tatnall,  Northwestern  University, 
Evanston,  III.  Pages  ix+81.  11x19  cm.  Cloth,  1912.  50  cents  net.  The 
Macmillan  Company,  New  York. 
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Co.,  Boston. 
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The  Macmillan  Company,  New  York. 

Proceedings  and  Addresses  of  the  Forty-ninth  Meeting  of  the  National 
Education  Association.  Pages  xvi+ 172.  17x24  cm.  Cloth,  1911.  Winona, 
Minn. 

Free  Will  and  Human  Responsibility,  by  Herman  H.  Home,  New  York 
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Macmillan  Company,  New  York. 
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On  page  16  of  the  January  number,  fourth  line  from  the  top,  the  sen- 
tence beginning,  "The  cord,"  etc.,  should  read:  The  cord  supporting  the 
weight  should  be  so  adjusted  that  the  weight  at  the  top  will  be  within  a 
few  inches  of  the  pulley  when  the  other  weight  is  on  the  floor. 
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BOOK  REVIEWS. 

A  Leaf  Key  to  the  Genera  of  the  Common  Wild  and  Cultivated  Deciduous 
Trees  of  New  Jersey,  by  Mary  F.  Barrett.  Pp.  7,  10  cents.  Published 
by  the  author,  Upper  Montclair,  N.  J. 

This  IS  an  artificial  key  to  the  genera.  There  are  no  descriptions.  The 
identification  would  need  to  be  checked  up  by  examination  of  the  descrip- 
tion of  the  genus  in  some  manual.  Since  most  manuals  are  supplied  with 
artificial  keys  to  families  and  genera  the  field  of  this  pamphlet  does  not 
seem  to  be  large.  Its  small  cost  might  recommend  it  in  those  cases  where 
identification  must  be  done  with  an  inadequate  supply  of  manuals. 

W.  L.  E. 

Commercial  Geography.  By  Albert  Perry  Brigham.  28  chapters,  449 
pages,  17  colored  maps,  and  253  illustrations.  1911.  $1.30.  Ginn 
and  Company,  Boston,  Mass. 

This  latest  addition  to  the  texts  of  commercial  geography  will  very 
rapidly  prove  its  worth  because  of  the  practical  pedagogic  principles  fol- 
lowed in  the  arrangement  and  presentation  of  the  material. 

The  great  raw  materials  of  world-wide  interest  and  of  the  vast  signif- 
icance in  the  commercial  world  are  concretely  presented,  as  Part  I,  in  a 
series  of  chapters  on  wheat,  cotton,  cattle,  iron,  and  coal.  A  study  of  the 
activities  centered  about  each  of  these  great  raw  materials  gives  the  stu- 
dent a  broad  outlook  and  furnishes  a  basis  for  Chapter  VI  on  the  Princi- 
ples of  Commercial  Geography.  The  discussion  of  raw  materials  before 
the  considerations  of  the  geographic  principles  will  be  welcomed  by  edu- 
cators as  far  superior  to  the  usual  broad  generalizations  concerning  a 
conglomerate  hodgepodge  of  land  forms,  climate,  rivers,  lakes,  raw  ma- 
terials, transportations  and  industry.  Chapter  IV  on  Iron  is  typical 
of  the  method  in  which  this  text  presents  all  of  the  five  great  raw  mate- 
rials.   This  chapter  has  excellent  views,  diagrams,  maps,  and  graphs. 

The  five  tjrpes  of  raw  materials  are  followed  by  the  discussion  and 
application  of  the  principles  to  the  United  States  which  forms  Part  II  of 
the  text.  This  presents  in  eleven  chapters  the  physical  features:  plant, 
animal,  and  mineral  features ;  water  resources ;  transportation ;  commerce ; 
centers  of  general  industry  and  the  concentration  of  industries.  The 
space  given  to  the  United  States  is  more  than  the  average  text  but  this 
added  emphasis  is  in  accord  with  the  general  movement  among  educators 
to  require  from  students  a  better  understanding  of  our  own  country.  The 
maps  of  production  are  especially  clear  and  are  constructed  so  that  a 
comparison  of  various  states  and  regions  is  easy.  The  water  resources 
of  the  United  States  is  a  chapter  not  generally  considered  in  a  commercial 
geography  but  it  makes  a  most  valuable  addition.  The  concentration  of 
industries  and  the  centers  of  general  industry  is  another  innovation  which 
is  most  heartily  endorsed  by  instructors  as  excellent  material  well  de- 
signed for  instruction  in  modern  commercial  geography. 

The  foreign  countries  receive  a  brief  but  ample  discussion  for  high 
school  students.  In  each  of  the  countries  the  proper  emphasis  is  given 
the  predominant  industry  of  each  individual  country.  The  final  chapter 
on  World's  Commerce  is  an  excellent  application  of  the  geographic  prin- 
ciples which  have  been  developed  in  the  previous  sections  of  the  text 

In  the  writer's  opinion  this  text  has  many  points  of  superiority  which 
greatly  strengthen  the  instruction  in  commercial  geography. 

W.  M.  G. 
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A  Text-Book  of  Botany,  by  Coulter,  Barnes  &  Cowles,  Vol,  II,  Ecology, 
by  Dr.  Cowles.    Pp.  485-964.    American  Book  Company.     1911. 

The  second  volume  of  the  Coulter,  Barnes  &  Cowles  text-book  is  unique 
in  that  it  is  the  only  comprehensive  book  in  its  field.  A  great  quantity 
of  ecological  facts  and  theories  have  been  accumulating  for  some  years 
but  they  have  been  hidden  from  the  general  student,  for  the  most  part,  in  a 
multitude  of  papers  in  various  languages.  It  was  essential  to  the  progress 
of  this  division  of  botany  that  this  material  should  be  brought  together 
and  organized.    The  task  was  enormous  and  has  been  well  performed. 

The  precise  field  included  in  this  presentation  is  the  ecology  of  the 
individual  and  not  of  the  formation  or  association.  It  may  therefore  be 
denominated  "morphological  and  physiological  ecology."  The  classifica- 
tion of  materials  is  suggested  by  the  principal  heads  which  are  "roots," 
"leaves,"  "stems/*  "saprophytism  and  symbiosis,"  "reproduction  and  dis- 
persal," "germination,"  "plant  associations,"  and  "adaptations."  In  gen- 
eral, the  development  of  any  topic  begins  with  an  account  of  the  struc- 
tures and  functions  involved,  and  proceeds  to  a  discussion  of  the  causative 
and  genetic  factors. 

The  necessity  of  reviewing  the  anatomical  and  physiological  facts  in 
the  light  of  their  ecological  relations  makes  this  volume  a  great  reposi- 
tory data  upon  those  subjects  as  well  as  in  ecology  proper.  The  secondary 
teacher  will  find  it  an  excellent  work  of  reference  when  in  search  of 
those  details  commonly  omitted  in  text-books.  The  wealth  of  data  is 
so  great  that  it  may  be  a  bit  confusing  to  the  college  student  with  a 
limited  perspective.  This  fault,  however,  must  not  be  charged  up  to  the 
author  but  to  the  present  undeveloped  state  of  the  science.  There  are 
many  ecological  theories,  but  as  yet  none  of  them  organize  the  subject  in 
the  sense  that  morphology  is  organized  about  the  theory  of  evolution. 

The  author  has  been  particularly  careful  to  avoid  all  teleological  phras- 
ology  or  implications.  Many  of  us  will  witness  the  demolition  of  our 
idols  with  regret,  for  some  of  them  were  useful  class  room  properties. 
The  views  advanced  regarding  the  interpretation  of  so-called  adaptations 
are  those  that  have  been  held  by  advanced  workers  for  some  years  but 
their  inclusion  in  a  standard  text-book  will  give  them  a  currency  which 
they  have  previously  lacked.  It  may  be  expected  to  result  in  greater 
clearness  in  botanical  thought  and  teaching. 

The  avoidance  of  terms  with  purposive  implications  has  been  carried 
so  far  as  to  exclude  such  familiar  friends  as  "adaptation,"  "regulation." 
"entomophilous,"  "competition,"  and  "function." 

It  will  be  a  distinct  disappointment  to  many  teachers  that  physiographic 
ecology  is  not  included.  The  author  has  been  so  prominently  iden- 
tified with  this  phase  of  ecology  from  its  inception  in  this  country  that 
considerably  more  was  expected  than  the  eight-page  summary  which 
appears  in  the  book. 

It  is  no  exaggeration  to  say  that  the  publication  of  this  book  should 
mark  a  distinct  step  in  advance  in  the  teaching  of  botany  in  America. 
Ecology  has  already  profoundly  influenced  the  secondary  school  course 
but  outworn  and  teleological  explanations  of  structure  and  function  have 
remained.  This  has  been  due  in  part  to  the  absence  of  any  available  ex- 
tended statement  of  the  modern  attitude  whereby  the  teacher  who  is  not 
a  specialist  in  ecology  might  square  his  practice.  Every  progressive 
teacher  must  now  familiarize  himself  with  this  presentation  of  the 
ecological  viewpoint.  W.  L.  E. 
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Farmers  of  Forty  Centuries,  or  Permanent  Agriculture  in  China,  Korea 
and   Japan,     By   F,   H,    King,   recently   Professor   of   Agricultural 
Physics  and  Chief  of  the  Division  of  Soil  Management  in  the  Uni- 
versity of  Wisconsin.    441  pages  with  248  illustrations.    Published  by 
Mrs.  F.  H.  King,  Madison,  Wisconsin. 
This  is  one  of  the  most  interesting,  instructive,  readable  and  convincing 
of  books,  and  deals  with  a  subject  of  such  importance  that  we  in  a  rela- 
tively new  country  surely  need   to  heed  the   lessons  with   which   it   is 
filled.     It  is  the  outcome  of  a  prolonged  and  systematic  study  of  agri- 
culture in  China,  Korea,  and  Japan.    The  author's  many  years  of  study  of 
soil   problems   fitted   him   especially   for   the   preparation   of   this   book. 
Furthermore,   it   is   peculiarly  appropriate   that  the   last   published   work 
from  a  man  who  has  done  so  much  for  agriculture  should  have  to  do 
with  a  comparative  statement  of  soil  fertility  in  very  old  and  new  civi- 
lizations, and  admonition  to  our  own  country  to  profit  by  the  experience 
of  the  "Farmers  of  Forty  Centuries." 

In  the  United  States  we  often  talk  of  our  methods  of  intensive  agricul- 
ture, but  how  elementary  this  is  appears  when  we  note  the  fact  that 
Japan  has  a  population  of  2,349  to  each  square  mile  of  cultivated  land, 
over  three  to  each  acre,  and  withal  her  balance  of  import  over  export  of 
agricultural  products  is  less  than  one  dollar  per  capita.  The  island  of 
Chunming  in  the  mouth  of  the  Yangtse  river,  an  island  of  270  square 
miles  with  but  one  large  city,  supports  a  population  of  3,700  people  per 
square  mile.  In  these  three  countries  with  a  climate  scarcely  more  favor- 
able than  that  of  the  United  States,  nearly  "500,000,000  people  are  being 
maintained,  chiefly  upon  the  products  of  an  area  smaller  than  the  improved 
farm  lands  of  the  United  States."  It  is  obvious  that  there  must  be  great 
destruction  of  human  life  when  any  considerable  portion  of  countries  so 
densely  populated  fails  in  its  crops.  The  whole  book  is  a  story  of  never- 
ending  industry  and  watchfulness;  of  conservation  of  water,  soil,  sun- 
light, plant,  and  animal  products;  of  conservation  of  time,  and  of  learn- 
ing regarding  productivity. 

Plant  and  animal  (including  human)  refuse  is  regularly  composted  in 
such  ways  as  to  make  it  readily  useful  when  placed  in  the  fields  of 
growing  crops.  In  the  better  regions  the  crops  can  scarcely  be  said  to 
follow  one  another  through  the  growing  season,  since  they  are  telescoped 
into  one  another.  For  example:  in  a  wheat  field  with  the  wheat  nearing 
harvest,  cotton  was  just  getting  started;  in  another  field  the  wheat  was 
almost  ready  for  harvest,  Windsor  beans  were  half-grown  and  cotton  had 
just  been  planted;  in  another  field  with  a  crop  of  barley  just  harvested, 
Chinese  clover  (Medicago  denticulata)  had  been  grown  and  was  about 
to  be  turned  under  to  be  followed  by  cotton ;  rice  and  many  other  plants 
are  started  in  seed  beds  and  when  partly  grown  are  transplanted  when 
the  fields  are  cleared  from  the  preceding  crops,  thus  saving  much  time. 
Weeds  and  unused  parts  of  otjier  plants — even  the  roots  of  wheat — ^arc 
used  in  making  composts. 

We  cannot  discuss  the  canals  of  China,  the  tea  industry,  silk  produc- 
tion, rice  culture,  nor  other  topics  presented  in  the  book.  The  author 
makes  it  quite  clear  that  China  loses  much  soil  through  erosion,  that 
there  are  many  unsolved  agricultural  problems.  He  does  not  claim  that 
methods  that  have  succeeded  so  well  in  the  East  necessarily  are  to  be 
adopted  here ;  but  they  certainly  are  worthy  of  consideration  and  probably 
of  trial.  The  book  should  dignify  Eastern  agriculture,  and  help  to  save 
us  from  the  bigotry  which  often  leads  us  to  the  conclusion  that  we  are  the 
most  intelligent  agriculturalists,  when  in  fact  we  merely  have  the  first 
chance  at  wide  expanses  of  the  most  productive  virgin  soil  from  which 
our  crude  and  wasteful  methods  give  us  large  returns.  O.  W.  C. 
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THE  OPPOBTUNITT  OF  THE  TEACHER  IN  THE  GLASS  BOOM.' 

By  George  D.  Olds, 
Dean  of  Amherst  College,  Amherst,  Mass. 

A  pupil  receives  many  impulses  to  the  study  of  our  science, 
and  his  growth  rests  upon  many  determining  causes.  There  may 
be,  what  is  somewhat  rare,  his  own  native  love  of  the  subject, 
which  will  prompt  him  to  independent  study.  There  is  the  as- 
signed home  work,  the  required  outside  reading,  the  aid  that  he 
should  receive  from  a  good  text-book ;  and  there  is  the  artificial 
stimulus  of  marks,  of  unannounced  tests,  and  of  the  general  re- 
view forced  upon  him  by  the  approach  of  a  semiannual  judgment 
day.  But  greater  and  far  more  vital  than  any  one  of  these,  or 
than  all  of  them  put  together,  is  the  stimulus  he  receives  from 
the  class  room  hour. 

The  teacher  has  ordinarily  from  forty  to  fifty  minutes  at  his 
disposal  from  three  to  five  times  a  week,  and,  allowing  for  ex- 
aminations, for  perhaps  thirty-two  weeks  in  a  year.  In'  these 
precious  minutes  he  has  to  deal  with  a  score  of  boys,  that  he  may 
help  in  their  transformation,  not  necessarily  into  mathematicians, 
but  into  rational  men.  Truly  he  cannot  reflect  too  often  on  how  to 
use  the  time.  So  I  trust  that  you  will  be  patient  if  you  have  to 
hear  some  old-fashioned  truths,  some  homely,  oft-repeated  truths. 
It  pays  even  our  public  men,  from  time  to  time,  to  refresh  their 
knowledge  of  such  old-fashioned  things  as  the  Ten  Command- 
ments and  the  Declaration  of  Independence. 

The  opportunity  of  the  teacher  in  the  class  room :  this,  then,  is 
my  theme.  We  will  assume  and  omit  from  consideration  the 
mechanical  side,  suppose  the  pupils  seated,  the  roll  called,  the 
absentees  noted,  and,  yes,  the  test  applied  as  to  whether  the  boys 
have  their  lessons — for  this,  too,  belongs  to  the  mechanical  side. 
The  vital  relationship  of  the  teacher  to  the  pupil  still  remains, 
and  it  is  of  this  mainly  that  I  wish  to  speak.  A  word  or  so  at 
the  outset  by  way  of  digression  with  reference  to  preparation. 
It  sounds  like  a  commonplace  to  say  that  a  teacher  should  be 

iRead  before  the  AMociation  of  MathematicalTeachersof  New  England.  December 
9. 1911. 
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prepared  for  his  work ;  and  yet  it  is  a  matter  of  equally  common 
observation  that  men  and  women  teach,  and  continue  to  teach, 
without  meeting  such  a  requirement.  Thorough  equipment  is 
fundamental,  for  only  mastery  can  beget  mastery.  The  mathe- 
matics teacher  should  know  the  subject  with  which  he  has  to 
deal  in  outline  and  in  detail.  He  should  have  searched  its  length 
and  breadth,  have  reached  to  its  heights,  and  sounded  its  depths. 
He  should  have  gone  to  its  bounds,  yes,  and  beyond.  The  danger 
line  is  nearly  always  at  the  boundary.  The  teacher's  experience 
is  like  that  of  many  of  the  functions  with  which  he  has  to  deal ; 
they  behave  in  a  reputable  and  orderly  fashion  within  the  region 
of  their  definition — but  at  the  boundaries,  beware!  The  only 
safe  course  is  to  fix  the  boundaries  of  one's  knowledge  far  be- 
yond the  probable  limits  set  by  the  demands  of  one's  daily  rounds. 
That  introduces  the  factor  of  safety,  as  the  bridge  builder  says. 
You  remember  that  Kipling's  polo  pony,  the  Maltese  Cat,  won 
the  match  because  of  the  demoralizing  effect  of  boundary  condi- 
tions on  his  opponents,  and  ^  any  a  baseball  or  football  game  has 
been  lost  at  the  side  lines. 

And  this  preparation  should  not  be  a  rigid  fact,  something  that 
was  finished  far  back  in  college  or  university  days.  It  should  be 
an  active,  continuous,  vital  process,  not  so  much  a  preparation  as 
a  preparing.  You  know  that  in  the  administration  of  the  German 
gymnasium  it  is  expected  that  the  ordinarius  at  least  shall  usually 
be  engaged  in  advanced  work ;  when  possible,  in  actual  research 
work.  Many  notable  contributions  to  the  advance  of  mathe- 
matical science  have  come  from  the  labors  of  these  teachers  in 
secondary  schools.  But  while  mathematics  has  been  thus  en- 
riched, such  work  has  its  chief  value  in  its  reaction  upon  the 
worker.  Among  other  things — ^and  this  is  not  to  be  despised  as 
a  consideration — ^the  difficulties  of  investigation  in  his  own  ad- 
vanced work  will  make  him  more  sympathetic  with  the  attitude 
of  the  earnest  student  toward  what  is  new  to  him  In  mathematics. 
It  will  enable  him  to  realize  that  the  pupil  who  cancels  the  "3"  in 

3  sin  -  is  not  necessarily  stupid  or  lazy.    It  will  remind  him  that 

new  symbols  are  a  new  language,  and  that  one  is  never  master 
of  a  language  when  he  still  feels  the  need  of  translation;  but 
only  when  it  has  come  to  be  a  tool  of  thought. 

But  something  more  is  requisite  than  such  a  general  prepara- 
tion as  has  been  indicated.  The  teacher  must  prepare  himself 
for  each  individual  exercise.    He  must  see  it  in  perspective,  de- 
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fine  sharply  in  his  mind  wha^  most  needs  emphasis,  see  its  re- 
lation to  what  has  gone  before  and  what  is  to  cwne  after.  No 
familiarity  with  the  subject,  no  matter  how  extensive  the  ex- 
perience upon  which  it  may  rest,  will  justify  the  teacher  in  neg- 
lecting such  special  preparation.  A  number  of  years  since  I  was 
making  a  short  stay  in  Gottingen,  and  dropped  in  at  one  of 
Klein's  lectures.  He  was  giving  his  elementary  course  in  the 
differential  and  integral  calculus.  The  lecture  was  the  perfection 
of  art.  Subsequently,  in  a  conversation  with  his  assistant,  I 
learned,  that  (according  to  Klein's  own  statement)  he  was  putting 
more  time  on  the  course  than  when  he  had  first  given  it,  many, 
many  years  before.  That  one  of  the  greatest,  certainly  the  most 
famous  mathematical  teacher  in  the  world  should  have  thought  it 
worth  his  while  to  lavish  care  and  thought  on  youngsters  who  had 
just  come  up  from  the  gymnasium — was  illuminating  and  stim- 
ulating. 

The  stages  of  preparation  behind  us,  let  us  now  go  into  the 
class  room  and  meet  our  pupils.  What  shall  we  do  first?  Per- 
haps assign  the  next  lesson.  At  any  rate  we  should  not  leave  it 
to  the  fag-end  of  the  period,  or,  worse  still,  till  the  bell  has 
sounded  the  recessional.  I  have  actually  known  teachers  who 
shouted  the  lesson  to  their  pupils  as  these  were  leaving  the  room^ 
The  assignment  of  a  lesson  is,  in  my  judgment,  one  of  the  most 
important  and  serious  things  in  connection  with  the  class  roon> 
exercise.  Connection  should  be  shown  with  past  lessons  and  that 
of  the  day.  It  may  be  wise  even  to  assign  work  for  several  days 
ahead,  such  assignments,  of  course,  being  open  to  modifications 
as  the  work  progresses.  Every  writer  or  speaker  knows  the  im- 
portance of  getting  into  touch  with  his  hearers,  and  one  of  the 
very  best  ways  in  the  case  of  a  connected  series  of  lectures  or 
exercises  is  by  an  outline  review,  a  resume  of  what  has  just  been 
studied.  Such  a  resume  should,  in  many  cases,  be  asked  for 
from  some  member  of  the  class ;  but  unless  the  response  is  en- 
tirely successful,  the  teacher  should  go  over  the  outline  again. 
Such  connected  reviews  of  large,  or  at  least  considerable  por- 
tions of  a  subject  are  a  source  of  one  of  the  most  admirable  dis- 
ciplines offered  by  mathematics.  President  Ix)well  said  last  Octo- 
ber, at  the  meeting  of  the  New  England  colleges  and  preparatory 
schools,  that  while  many  a  student  whom  he  had  set  at  a  reading 
task  proved,  when  called  upon,  to  know  a  great  deal  about  particu- 
lar paragraphs,  few  knew  anything  about  the  book.  The  teacher 
should  make  every  effort  to  enlarge  the  boy's  horizon,  by  ex.— 
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plaining  underlying  principles  and  possible  classifications  of  the 
facts  of  the  science.  These  things  should  not,  of  course,  be 
dogmatically  stated  (dogmatism  has  no  possible  place  in  our 
science),  but  like  every  conquest  of  the  recitation  hour  they  rep- 
resent the  joint  effort  of  teacher  and  taught.  Indeed,  the  work 
of  the  class  room  should  be  before  all  else  cooperative.  Did  you 
ever  read  Dicey,  "On  the  Teaching  of  English  Law  at  Harvard"  ? 
It  is  a  fine  tribute,  from  a  man  who  is  himself  a  great  teacher, 
to  an  institution  of  the  first  rank.  A  number  of  years  ago,  I  had 
the  privilege  of  visiting  the  school  and  hearing  some  of  the  lec- 
tures. I  recall  very  definitely  the  hour  with  Dean  Ames.  It 
was  called  a  lecture;  but  such  in  the  usual  sense  of  the  term  it 
most  emphatically  was  not.  The  teacher  began  by  stating  briefly 
but  clearly  an  issue  that  had  been  joined,  involving  a  legal  dis- 
tinction. The  matter  once  fairly  launched,  Dean  Ames  asked  Mr. 
Hitchcock — I  recall  the  name,  as  he  was  an  Amherst  graduate — 
to  give  his  own  opinion.  Mr.  H.  was  followed  by  Mr.  A.  and  Mr. 
B.,  and  others,  who  acquiesced  in,  modified,  or  attempted  to  con- 
trovert the  previously  expressed  opinion.  It  was  a  series  of  reci- 
tations, bridged  over  by  keen  and  incisive  questions  by  the  dean, 
every  one  calculated  to  inspire  thought  and  to  lead  to  a  solution. 
When  this  process  had  gone  on  for  a  half  hour,  perhaps,  the 
teacher  closed  the  discussion  somewhat  in  the  way  in  which  a 
judge  sumis  up  the  arguments  of  the  counsel  in  an  actual  case 
at  law,  and  states  whither  the  weight  of  the  discussion  must  in- 
evitably lead.  In  fine,  the  students  in  that  class  had  by  joint  effbrt 
under  the  guidance  of  their  teacher  thought  out  the  law. 

This  illustrates  the  fact  that  the  basis  of  the  highest  class 
room  efficiency  in  any  subject  is  the  creation  in  the  pupil  of  the 
lively  sense  that  under  S3mipathetic,  careful  guidance  he  is  redis- 
covering truth.  I  am  aware  that  such  a  genetic  method,  such  a 
method  of  rediscovering  truth,  is  the  intent  of  most  of  our  best 
schools  and  colleges  to-day.  But  if  your  experience  resembles 
my  own,  you  will  confess  that  we  are,  all  of  us,  ever  falling  from 
grace.  It  is  so  easy  to  err  on  one  side  or  the  other,  to  lecture, 
in  the  literal  sense  of  that  term — which  is  really  to  dogmatize,  or 
rather  to  furnish  the  pupil  with  ready-made  reasoning  which  he 
needs  only  to  assimilate  and  give  back  in  tests ;  or,  on  the  other 
hand,  to  let  the  exercise  degenerate  into  "hearing  the  lesson."  I 
have  recently  read  anew  an  article  which  appeared  in  the  Educa- 
tional Review  in  1903  on  "The  American  College,  from  the  View- 
point of  an  Undergraduate."    It  was  written  by  a  man  only  a 
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few  years  out  of  college,  and  I  can  assure  you  it  would  interest 
you  along  many  lines.  What  impressed  me  especially  in  the 
article  this  time  was  its  statement  that  the  best  teaching  must 
appeal  to  the  will  of  the  pupil,  and  not  merely  to  his  intellect.. 
Such  a  thought  connects  up  with  what  has  just  been  said.  The 
highest  work  of  the  teacher  is  to  arouse  the  boy  to  a  habit  of 
initiative,  to  render  him  active  rather  than  passive.  He  must  be 
stimulated  to  think  for  himSelf.  His  performances  in  the  recita- 
tions and  tests  must  be  directed  so  that  he  will  not  merely  or 
mainly  give  back  what  he  has  received,  but  add  as  well  no  small 
quantity  of  his  own  thought.  If  he  cannot  act  solely  by  his  own 
volition  as  the  result  of  a  self-determining  process,  he  should  at 
least  react  and  not  merely  reverberate. 

A  number  of  years  since,  Amherst  was  fortunate  in  having  on 
its  staff  for  a  half  year  a  distinguished  English  scholar  and  writer, 
Professor  Woodberry.  After  some  weeks  with  a  class  in  English 
literature,  he  gave  his  first  test.  I  recall  very  vividly  his  despair 
when  he  read  the  papers.  "Why,"  he  said,  "the  men  are  merely 
firing  back  at  me  my  own  words."  It  was  a  process  of  regurgita- 
tion. His  lament  was  that  he  had  failed,  so  he  thought,  to 
make  the  men  think  independently.  Our  own  subject  offers, 
of  course,  a  peculiar  advantage  in  its  limitless  array  of  problems, 
each  of  which,  if  they  are  real  problems  and  not  mere  examples,, 
offers  a  fresh  field  for  thought.  Yet  even  here,  how  dishearten- 
ing it  is  to  s^e  the  attitude  of  the  average  pupil  toward  a  problem 
that  is  not  patterned  after  a  predecessor. 

This  use  of  a  teacher's  opportunity  to  stimulate  thought,  rather 
than  to  impart  information  or  ready-made  thinking,  is  especially 
helpful  in  arousing  interest  in  the  subject.  The  matter  of  in- 
terest is  of  transcendent  importance,  as  we  all  know.  Now  in 
many  departments  of  school  work  interest  is  involved  in  the  sub- 
ject-matter. This  is  true,  for  example,  in  the  case  of  the  natural 
sciences,  and  in  literature  and  history ;  but  not  so  with  the  average 
boy  or  girl  in  pure  mathematics.  Our  subject  is  so  abstract,  so 
essentially  subjective,  that  its  appeal  is  far  from  seductive.  Any 
possible  interest  it  may  have  for  the  pupil  lies,  not  in  its  radicals 
and  complex  fractions,  its  determinants  and  goniometric  formulas, 
but  in  the  pleasure  that  every  normal  mind  takes  in  its  own  exer- 
cise. As  a  boy  once  put  it  in  my  hearing,  "It's  fun  to  feel  the 
wheels  going  'round."  This  is  above  all  true  when  he  sets  them 
in  motion  himself. 

I  am  reminded  of  an  experience  that  I  had  many  years  ago  with 
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-a  member  of  one  of  my  freshman  mathematics  sections.  He  was 
apparently  a  very  dull  fellow  indeed,  and  his  intellectual  efforts 
were  still  further  handicapped  by  his  membership  in  the  football 
-team.  Failure  succeeded  failure,  and  the  case  seemed  hopeless, 
until  I  discovered,  by  an  accident,  that  he  was  rarely  successful 
at  drawing.  We  were  in  solid  geometry  at  the  time,  among 
parallelopipeds  and  pyramids.  The  famous  "Devil's  Coffin"  figure 
loomed  ahead,  a  terror  not  only  to  my  students  but  to  me  as  well 
— ^to  this  day  I  cannot  draw  the  figure  decently.  At  the  end  of  the 
exercise  of  the  day  before  the  monster  was  to  be  upon  us,  I 
called  the  student  of  whom  I  have  spoken  to  my  desk,  and  told  him 
that  I  should  consider  it  a  favor  if  he  would  put  the  drawing  on 
the  board  in  his  best  style.  The  next  day  we  saw  arise  before 
our  eyes  a  real  work  of  art,  the  completion  of  which  was  greeted 
by  a  round  of  applause  from  the  men,  and  by  a  warm  word  of 
appreciation  from  the  desk.  The  event  proved  a  turning  point 
in  the  fellow's  career.  Finding  that  he  could  do  one  thing  well, 
that  he  was  indeed  first  with  no  second  in  one  branch  of  class 
room  activity,  it  occurred  to  him  that  other  branches  might  be 
worth  striving  after.  For  the  first  time  his  interest  was  aroused, 
and  the  day  of  failure  was  behind  him.  He  was  never  brilliant, 
but  ever  afterward  (he  elected  all  the  mathematics  which  the 
.  college  oflfered)  he  did  his  work  substantially  and  well. 

I  have  instanced  this  experience  in  order  to  emphasize  the  far- 
reaching  importance  of  getting  a  boy  interested.  •  But  let  me 
digress  a  moment  in  order  to  draw  a  further  inference  from  the 
•story,  one  right  at  hand.  It  showed  me  the  deep  significance  of 
"personal  contact  with  the  pupil,  the  importance  of  individualizing 
the  members  of  a  class.  The  administration  of  a  school  or  col- 
lege should  always  make  this  possible,  and  the  last  economy 
should  be  that  which  overloads  teachers  with  hours  or  with  pupils. 

I  said  at  the  outset  that  a  teacher  should  have  a  broad,  deep 
preparation,  involving  years  of  study  and  thought ;  that  he  should 
have  an  immediate  preparation  for  the  work  of  the  day.  To  this 
may  be  added  that,  so  far  as  possible,  he  should  prepare  himself 
for  the  pupil,  guided  in  this  work  of  preparation  by  his  knowledge 
of  idiosyncrasies,  and  helped  to  success  by  an  abundant  sympathy 
with  boy  nature.  The  cases  are  rare  when  this  nature  cannot  be 
reached  in  some  way;  where  there  does  not  lie  some  avenue  of 
approach  to  a  source  of  interest  in  the  pupil's  mind.  For  many 
years  now  I  have  been  closely  identified  with  college  adminis- 
trative work,  and  have  come  into  daily  contact  with  many  stu- 
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<lents.  My  experience,  though  not,  of  course,  without  its  shad- 
owy side,  has  left  me  a  confirmed  optimist.  The  average  boy 
intends  to  do  the  right  thing,  even  in  the  performance  of  his 
daily  scholastic  tasks,  and  the  average  boy  will  respond  to  a 
frank,  self-forgetful,  enthusiastic  appeal  to  his  better  side. 

The  individual  interest  of  the  student,  and  thus  the  chief  busi- 
ness of  the  class  room  hour  may  be  further  promoted  in  the  fol- 
lowing more  formal  way.  In  proving  a  theorem,  or*  giving  the 
solution  of  a  problem,  the  student  should  state  his  plan  of  cam- 
paign, carrying  it  clear  to  the  end.  Such  a  process  should  be  like 
a  lawyer's  opening.  Listen  to  the  state's  attorney:  "We  shall 
show,  gentlemen  of  the  jury,  that  A  was  foully  murdered.  We 
shall  show,  from  physical  signs  attested  by  experts  of  the  high- 
est repute,  that  death  must  have  occurred  between  the  hours  of 
4 :30  and  5 130  in  the  afternoon  of  a  given  day.  We  shall  show, 
on  the  testimony  of  unimpeachable  witnesses,  first,  that  B  was 
seen  to  enter  and  to  leave  the  house  within  this  time,  and,  on 
the  evidence  of  the  same  witnesses,  that  no  other  persons  within 
the  same  time  either  came  or  went.  Finally,  we  shall  show  that 
in  B's  mind  there  existed  hatred  of  long  standing  toward  A, 
offering  a  sufficient  motive  to  account  for  a  deed  of  violence ;  and 
then  we  shall  ask  you,  fair-minded  gentlemen,  in  the  light  of  such 
evidence,  whether  any  other  solution  of  the  problem  can  possibly 
be  found  than  that  which  involves  the  guilt  of  B." 

Now  let  us  take  a  mathematical  case.  "We  wish  to  show  that 
if  the  f{x)  represents  a  continuous  function  of  x;  and  if,  further, 
•a  and  b  are  two  numbers  such  that  the  f{a)  is  plus,  and  the  f{b) 
is  minus :  then  between  a  and  b  there  lies  some  other  number,  c, 
such  that  the  f{c)  equals  zero.  We  shall  show  first  that  by  halving 
the  interval  from  a  to  b,  and  then  halving  the  subintervals  corre- 
sponding always  to  values  of  the  functions  with  opposite  signs, 
-sve  obtain  two  series  of  values  of  the  given  function,  each  of 
which  approaches  a  limit.  We  shall  then  show  that  these  limits 
are  identical.  From  the  continuity  of  the  function  it  will  follow 
that  this  common  limit  will  actually  be  attained.  We  shall  show 
finally  that  this  limit  cannot  be  negative  and  that  it  cannot  be 
positive.  We  shall  then  ask  the  fair-minded  gentlemen  before 
us  whether  any  other  solution  is  possible  than  that  this  will  be 
zero. 

Corresponding  to  the  "physical  signs"  of  the  lawyer's  plea,  we 
1iave  mathematical  facts;  the  expert  is,  in  the  last  analysis,  the 
ordinary  mind,  and  our  witnesses  are  previous  propositions,  quite 
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as  unimpeachable  in  their  evidence  as  A's  neighbors  across  the 
way.  The  student  will  thus  be  more  vividly  impressed  with  the 
fact,  rarely  emphasized  in  our  teaching,  and  generally  unrecog- 
nized by  the  average  boy,  that  mathematical  reasoning  is  merely 
the  reasoning  of  everyday  life  put  into  symbols. 

What  we  owe  our  pupils  first  of  all  is  not  so  much  a  knowledge 
of  facts  as  discipline  in  method.  "To  achieve  the  mastery  of 
one's  mental  processes  is,"  to  quote  from  President  Garfield's  in- 
augural, "the  chief  end  of  an  education,"  and  the  day  is  far  dis- 
tant when  mathematics  can  be  spared  from  the  list  of  those 
subjects  which  make  directly  for  this  mastery.  Clear,  clean-cut 
thought,  the  power  of  sustained  reasoning,  is  an  essential  for  any 
man,  whatever  his  calling,  and  this  our  science  if  properly  taught 
can  peculiarly  foster. 

Here  let  me  suggest  something  that  is  absolutely  fundamental, 
if  a  teacher  hopes  to  arouse  interest.  He  must  have  a  boundless 
enthusiasm  for  his  subject  and  his  work.  Interest  is  contagious. 
Years  ago  a  young  college  graduate  came  back  to  teach  physics 
in  his  alma  mater.  He  was  fresh  from  three  years  of  study 
in  Germany,  mainly  under  Helmholz.  Familiar  with  the 
subject  in  all  its  details,  and  having  worked  on  its  frontier,  know- 
ing its  latest  developments,  he  overestimated  the  capacity  of  his 
pupils — a  common  failure  with  young,  thoroughly-trained  schol- 
ars, and  a  serious  fault,  which  in  later  years  he  corrected.  But  as 
one  of  his  old  pupils  told  me,  at  the  very  beginning  the  men  hung 
on  his  words,  strained  to  comprehend  him,  caught  his  enthusiasm^ 
and  left  his  lecture  room  with  an  ever-deepening  interest  in  laws 
of  physics. 

A  teacher  must  be  unflagging  to  keep  this  enthusiasm  on  his 
own  part  alive.  Not  a  little  of  his  success  will  depend  on  his 
physical  condition.  There  are  many  demands  upon  his  time  in 
the  details  of  his  daily  work,  but  all  this  should  be  subordinated 
to  freshness  and  elasticity  of  mind  and  body  in  the  class  room. 
And  here  let  me  say  a  word  on  the  question  of  the  correction  of 
the  written  work.  Such  work  is,  on  the  part  of  the  pupil,  of 
high  value  and  a  certain  amount  of  insistence  upon  it  goes  with 
successful  teaching.  But  if  at  any  time  the  burden  of  it  is  en- 
dangering the  physical  vigor  which  the  hour  of  recitation  has 
the  right  to  demand,  such  work  should  be  cut  in  two  or  stopped. 
I  should  emphasize  this  again  and  again,  if  I  were  in  authority  as 
the  head  of  an  institution. 

A  second  and  further  help  in  developing  interest  on  the  part 
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of  a  teacher  is  an  appreciation  of  the  significance  of  his  subject. 
Mathematics  is  the  patriarch  of  sciences.  It  existed  as  a  science 
when  Abraham  went  down  into  Egypt,  as  we  know  from  records 
recently  discovered.  Physics  can  hardly  be  said  to  date  back 
farther  than  Plato ;  chemistry  is  a  creature  of  the  last  two  cen- 
turies, and  biology  was  born  less  than  a  hundred  years  ago.  More- 
over, the  history  of  mathematics  has  been  distinguished  by  a 
steady  advance.  Other  sciences  have  grown  largely  by  a  process 
of  self-destruction:  phoenix-like  they  have  arisen  from  their  own 
ashes.  The  corpuscular  theory  of  light,  championed  by  Newton 
and  armed  with  all  his  prestige,  had  to  give  way  before  the  im- 
dulatory  theory  of  Young,  and  this  in  turn  may  have  to  yield 
before  the  modern  theory  of  electrons.  The  old  separate-creation 
theory  in  biology  has  been  superseded  by  evolution.  But  the 
movement  in  mathematics  has  been  like  the  flow  of  a  great  river, 
moving  slowly  at  times,  but  ever  steadily  onward.  There  have 
been  epochs  in  the  history  of  science  when  by  the  discovery  of 
some  new  method,  some  great  tool,  mathematicians  have  been 
frightened  as  to  the  foundations  of  some  of  their  great  theorems. 
But  investigation  in  the  light  of  all  that  is  new,  while  it  may 
have  required  a  restatement,  has  left  these  theorems  substantially 
undisturbed.  But  not  merely  in  its  history,  but  in  the  wonderful 
unity  of  its  substance  is  our  science  unique  and  great.  It  was 
Kronecker,  if  I  remember  aright,  who  defined  mathematics  as 
the  science  of  positive  integers ;  he  might  well  have  said,  signless 
integers.  In  a  way,  these  are  the  only  absolutely  necessary  data 
of  mathematics.  Taking  them  as  given  the  mathematician  begins 
his  creation  of  artificial  number ;  he  inserts  his  fractions,  extends 
his  system  by  the  creation  of  negatives,  gives  it  continuity  by  the 
construction  of  irrationals ;  and  then  by  number-pairs  and  num- 
ber-triples creates  his  multiple  algebras.  But  not  satisfied  with 
a  unity  that  is  contained  in  the  realm  of  number,  he  reaches  out 
into  space,  and  establishes  a  one  to  one  correspondence  between 
the  points  of  a  line  and  the  elements  of  his  enlarged  number 
system.  In  this  way  he  harnesses  geometry  to  analysis,  and  es- 
tablishes an  absolute  unity  in  the  whole  realm  of  mathematical 
truth.  As  we  go  on  with  our  teaching,  we  should  have  an  ever- 
livelier  sense  of  the  dignity  and  essential  greatness  of  the  sub- 
ject with  which  we  are  dealing. 

Now  at  the  close,  some  of  you  will  pertinently  inquire:  Do 
you  yourself  follow  out  the  suggestions  which  you  have  made? 
Frankly,  no.    It  is  notorious  that  pulpit  orators  do  not  practice 
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what  they  preach,  or  doctors  take  their  own  physic.  Kuno 
•Fischer  used  to  narrate  with  great  zest  how  Schopenhauer,  the 
arch  pessimist,  who  proved  to  his  own  satisfaction  that  this  was 
about  the  worst  world  that  could  be  conceived  of — ^how  this  same 
Schopenhauer  was  an  epicure  of  epicures,  and  lived  a  life  of 
singular  luxury.  No,  I  don't  do  it ;  but  I  wish  I  did.  I  hold  the 
ideals  before  me  and  strive  toward  them.  Every  now  and  then 
a  teacher  should  examine  himself,  and  see  whither  he  is  drifting; 
and  then  he  should  consult  his  charts.  This  means  that  he  should 
have  a  chart,  which  is  in  fact  a  bundle  of  ideals,  something  at 
which  to  aim,  a  norm  by  which  to  regulate  his  Hfe.  What  I  have 
given  you  is  my  own  chart.  Each  one  of  you  has  probably  one 
of  his  own,  one  which  shows  rocks  that  do  not  appear  on  mine, 
and  indicates  favorable  currents  which  I  have  tiot  noted.  But 
if  I  have  succeeded  in  indicating  any  rocks  or  any  currents,  the 
knowledge  of  which  will  make  your  course  more  sure,  I  shall 
be  satisfied. 


TEXT-BOOK  ENGLISH. 

By  C.  M.  Wirick, 
Crane  Technical  High  School,  Chicago. 

A  contributor  to  Science  recently  called  attention  to  the 
philosophy  in  modern  high  school  chemistries.  Mine  is  the 
much  less  ambitious  undertaking  of  showing  some  of  their 
weak  points.  It  has  been  my  good  fortune,  or  misfortune,  to 
read  a  number  of  text-books  and  they  left  a  bad  taste  in  my 
mind.  One  pardons  grammatical  slips,  minor  misstatements,  and 
errors  of  fact  in  papers  and  magazines  as  they  must  be  hurriedly 
written,  put  into  type  and  printed,  and  yet  glaring  errors  are 
very  rare  there ;  but  in  text-books  where  no  incorrect  form  should 
be  seen ;  which  are  supposed  to  be  written  and  rewritten ;  where 
the  publisher  takes  his  own  time — ^and  much  of  yours — ^to  get 
them  into  type  and  off  the  press,  they  are  as  thick  as  the  leaves 
in  Vallombrosa.  Some  of  them  are  due  to  careless  proof-read- 
ing; some  are  errors  which  show  distressing  lack  of  training  in 
the  use  of  ordinary  good  English;  while  statements  of  fact — I 
should  say  misstatements — ^are  too  painfully  evident.  Surely 
teachers  and  those  who  prepare  books  for  them  should  not  be 
sinners  in  either  respect,  yet  it  is  of  these  that  I  am  to  speak. 
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To  classify  as  far  as  possible  it  may  be  well  to  begin  with  the 
adverb.  It  should  be  put  as  far  away  from  the  part  of  speech  it 
qualifies  as  possible.  If  that  does  not  make  the  meaning  suffi- 
ciently un-clear  arrange  the  sentence  so  as  to  bring  about  the 
greatest  degree  of  ambiguity  possible.  "All  do  not  contain  the 
same  number  of  atoms"  (Not  all  etc.)  "The  energy  possessed  by 
coal  only  becomes  available  if  the  coal  is  made  to  undergo  a 
chemical  change."  (Becomes  available  only  if,  etc.)  "When  we 
desire  to  merely  show  the  weights  taking  part  in  a  reaction." 
"Magnesium  will  only  act  rapidly  if  the  water  is  hot."  "By  de- 
termining the  gas  density  it  is  only  possible  to  fix  the  molecular 
weight  which  exists  in  the  gaseous  condition."  Does  it  mean 
"Only  by  determining  the  gas  density  is  it  possible  to  fix  the 
molecular  weight"?  or  perhaps  "By  determining  the  gas  density 
it  is  possible  to  fix  only  the  molecular  weight — leaving  the  atomic 
weight  still  undetermined"?  "Titanium  dioxid  is  only  dissolved 
by  hydrofluoric  acid."  The  fact  is  that  titanium  dioxid  reacts  with 
the  acid  and  forms  fluolitanic  acid  which  contains  no  oxygen. 
"Aluminates  are  not  very  stable  and  are  even  decomposed  by 
carbon  dioxid."  (Decomposed  even  by,  etc.)  But  you  can  find 
plenty  of  such  examples  in  almost  any  text-book  you  pick  up. 

The  preposition  is  entirely  too  much  for  the  average  book- 
maker. "Different  than" — (Different  then  in  one  case  which  we 
will  charitably  call  a  misprint),  "At  such  conditions,"  "At  standard 
conditions" — meaning  "under,"  "Hydroxylamin  in  distinction  to 
ammonia."  "Water  decomposes  sodium  peroxid  with  caustic 
soda  and  oxygen  which  escapes  upon  boiling."  Of  course  water 
decomposes  sodium  peroxid  with  formation  of  caustic  soda  and 
liberation  of  oxygen  which  may  be  driven  off  by  boiling  but  why 
did  he  take  time  to  muddle  up  the  statement  ? 

Further,  the  writers  cannot  get  away  from  the  conglomerations 
of  active  participles  linked  to  past  participles.  Being  burned, 
being  poured,  being  taken,  being  regenerated,  being  constantly 
altered,  are  examples.  Each  means,  if  it  means  anything,  the 
continuation  of  a  completed  action.  In  most  cases  the  context 
indicates  a  continuing  action  and  that  is  correctly  expressed  by 
such  words  as  while,  or  during.  The  antiquated  mock-English 
an  comes  in  repeatedly ;  "An  halogen  salt,"  "an  Hg  salt,"  an  hy- 
drogen compound,  an  hypothesis,  an  hundred,  an  history,  an 
hydrate — which  the  student  not  always  clear  in  his  mind  confuses 
with  anhydrid — shall  we  finally  have  an  house  and  an  hat  ?    That 
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might  do  if  applied  to  the  headgear  now  worn  by  some  women 
but  we  may  at  least  hope  for  a  change  in  styles. 

Agreement  between  subject  and  verb,  order  of  words  in  the 
sentence,  and  so  on  call  for  attention.  "None  of  the  four  sub- 
stances are  insoluble  when  water  is  present  to  hold  them  in 
solution,"  "When  a  series  of  sparks  are  passed,  (Is  the  article  a 
ever  plural?)  "The  presence  of  what  icms  is  shown  by  this  test?" 
(What  ions  are  shown,  etc).  "Sulphur  or  ores  containing  S 
(More  about  that  "S"  later)  are  burned  in  air."  "Between  each 
tier  I"  (He  would  have  said  between  each  two  tiers  if  you  had 
cornered  him).  We  will  all  agree  that  super  means  over  or  above 
and  that  super-heated,  for  example,  is  a  correct  form  when  we 
mean  to  say  that  a  body  of  gas,  for  instance,  has  its  temperature 
raised  above  the  normal,  but  why  should  we  say  super-cooled,  or 
even  highly  cooled  as  one  author  puts  it?  To  be  sure  we  do  find 
on  rare  occasions,  under-cooled  and  that  helps  to  restore  our  men- 
tal equilibrium.  "It  conducts  heat  and  electricity  better  than  all 
other  gases" — meaning  better  than  any  other  gas.  "The  heat 
capacity  of  water  is  greater  than  that  of  all  other  liquid  or  solid 
bodies— rbetter  than  any  other  liquid  or  solid."  "The  boiling  point 
of  H2SO4  (of  which  more  anon)  is  higher  than  that  of  any  com- 
mon body"  (any  other  common  body),  "Two  glass  tubes  fitting 
into  one  another"  (How  could  each  fit  into  the  other?),  "If  we 
place  two  liquids  above  one  another,"  are  examples.  Some  of 
these  writers  seem  to  be  imbued  with  the  idea  that  the  word 
mixture  must  always  be  preceded  by  the  word  mechanical  and 
that  the  student  will  not  get  the  idea  of  a  compound  unless  it  is 
labeled  chemical.  In  chemistry  mixtures  are  always  mechanical 
and  compounds  are  always  chemical.  Do  we  need  speak  of 
hydrocarbon  acetylene  or  carbohydrate  sugar?  Further  "me- 
tallic" means  elemental  to  most  of  these  people.  Metallic  silver, 
metallic  Hg,  metallic  sodium,  metallic  Na,  metallic  Cu,  metallic 
calcium,  red  metallic  copper,  metallic  tin  is  a  white  metal,  metallic 
phosphorus,  metallic  selenium,  metallic  silicon.  I  have  not  yet 
found  metallic  nitrogen  or  fluorin  but  they  may  come  later.  An 
element  is  either  a  metal  or  it  is  not.  If  it  is,  then  the  adjective  is 
useless ;  if  it  is  not,  then  the  adjective  makes  the  statement  untrue. 
You  may  take  your  choice.  Further,  the  so-called  bases,  are  like- 
wise metals,  "Antimony  acts  like  a  metal,"  "Arsenic  is  sometimes 
a  metal."  "Ammonium  is  a  metal,"  "The  distinctive  component  of 
bases  u  ^  i.iciai."  If  these  expressions  were^used  only  to  dis- 
tinguish between  different  bases  there  would  be  no  objection  to 
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such  forms  but  unfortunately  these  men  cannot  claim  such  a  use ; 
the  context  shows  clearly  that  they  have  no  such  idea.  No  chemist 
of  to-day  needs  be  told  that  the  distinctive  part  of  a  base  is  a 
hydroxyl  group,  and  that  the  "metal"  plays  no  part  in  its  action 
— and  the  student  has  a  right  to  demand  accuracy  of  statement  in 
the  book  put  into  his  hands. 

Hydrates  are  spoken  of  as  "chemical"  compounds  or  even  as 
chemical  substances  which  contain  more  or  less  water — (they 
never  speak  of  sugar  as  containing  water) — which  is  in  part 
loosely  combined — (Water  of  Crystallization) — ^and  in  part  more 
firmly  held — (Water  of  constitution).  Some  of  these  effloresce 
and  become  "anhydrous" — ^meaning  dehydrated — and  others  de- 
liquesce and  form  solutions,  but  you  will  look  in  vain  for  an 
explanation  of  either  phenomenon.  Of  course,  the  student  con- 
fuses anhydrous  with  anhydrid  and  small  blame  to  him.  If  all 
such  crystalline  bodies  were  called  hydrates  and  the  words  hy- 
drated  and  dehydrated  were  properly  employed  all  would  be  clear 
and  we  should  have  no  difficulty  in  presenting  the  idea  of  chlorin 
hydrate,  monohydrated  sulphuric  acid,  carbohydrates,  etc.  A 
careful  reading  of  the  paragraphs  on  the  behavior  of  hydrated 
copper  sulphate  in  Alexander  Smith's  General  Chemistry  will 
clear  up  the  whole  matter  for  the  teacher  and  then  his  students 
will  have  no  trouble.  Don't  charge  me  with  too  much  desire  for 
the  new.  Gray's  Chemistry  (Andover,  1840)  says  water  enters 
into  many  salts  in  whose  crystallization  it  is  taken  up  and  in  which 
it  is  therefore  called  water  of  crystallization,  adding,  "the  definite 
compounds  are  called  'hydrates.'"  Johnson's  Chemistry  (Phila- 
delphia, 1867)  does  not  use  the  expression  "water  of  crystalliza- 
tion" at  all.  It  reads,  "water  is  capable  of  combining  in  definite 
proportion  with  many  substances  forming  compounds  which  yet 
remain  perfectly  dry.  They  are  usually  called  hydrates.  Sulphids 
appear  to  have  been  looked  upon  as  substances  whose  properties 
had  been  modified  by  the  sulphur.  They  were  spoken  of  as 
being  sulphuretted — much  as  we  use  the  word  sweetened.  Sulphu- 
retted hydrogen  and  sweetened  coffee  were  similar  terms  for 
similar  modifications  of  properties.  Then  came  phosphoretted, 
arseniuretted  and  antimoniuretted.  With  the  exception  of  the 
first  the  others  are  rarely  found.  How  long  will  it  take  us  to 
drop  that  one  and  get  rid  of  the  antiquated  name  and  the  mislead- 
ing assumptions  and  ideas  that  go  with  it !  Hydrogen  suphid  car- 
ries no  such  burden. 
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It  goes  without  saying  that  one  should  find  accuracy  of  state- 
ment in  a  scientific  book  put  into  the  hands  of  beginning  stu- 
dents. Yet  he  may  occasionally  be  disappointed.  When  iron 
burns  in  oxygen  the  intense  heat  fuses  the  oxid  formed,  yet  three 
widely  used  texts  speak  of  "globules  of  red-hot  iron,"  of  par- 
ticles of  red-hot  metal,  and  of  drops  of  molten  iron.  We  are  told 
that  steam  can  be  seen,  that  newspapers  are  printed  from  electro- 
type plates,  that  nitrogen  peroxid  dissolves  in  water — with  an 
equation  showing  how  it  reacts  with  water — ^that  it  is  not  pro- 
duced at  first  but  is  a  product  of  secondary  action  with  air;  that 
sulphurous  oxid  gas  has  a  strong  odor,  that  sulphuric  dioxid  has 
a  penetrating  odor,  while  carbon  monoxid  has  none;  that  nitric 
oxid  has  a  strong  and  poisonous  odor,  or  an  extremely  suffocating 
one ;  that  HXO3  dissolves  lead,  forming  Pb(N03)2,  that  AgCl  dis- 
solves in  NH4OH,  that  there  are  oceans  of  "burning"  hydrogen 
in  the  sun,  that  a  metal  rod  lengthens — ^too  much  work  to  say  ex- 
pands, I  suppose — that  stearic,  margaric  and  palmitic  acids  are  very 
"useful"  in  fats,  that  "atmospheric"  air  is  composed  of  O  and  N, 
that  water  is  a  constituent  of  almost  every  form  of  animal  and 
vegetable  organism ;  that  CO,  is  not  poisonous  unless  present  in 
large  quantities,  the  idea  still  being  that  carbon  dioxid  is  a  poison, 
that  O  unites  with  all  other  elements  except  F,  that  HjSOi  is 
stronger  than  HNO3  ^md  displaces  it  from  its  compound,  that 
perfectly  dry  chlorin  makes  antimony  burn  brilliantly,  that  gyp- 
sum deprived  of  its  water  by  calcination  forms  plaster  of  pans, 
or  when  gypsum  loses  all  its  water  it  becomes  burnt  gypsum, 
that  the  bullet  which  in  its  flight  is  sustained  by  resistance  be- 
comes hot  (I  should  think  it  would),  that  alcoholic  salts — ^methyl 
chlorid,  propyl  nitrate,  amyl  sulphate,  etc.,  are  called  ethers,  that 
natural  fats  are  simply  ethers  corresponding  to  glycerin.  They 
talk  of  the  influence  of  mass  and  of  mass  action  when  they  mean 
concentration,  they  speak  of  laws  which  govern  and  of  gases 
which  no  longer  obey  the  law,  (the  last  edition  of  Encyclopedia 
Britannica  asks:  What  are  the  laws  which  govern  the  action  of 
these  forces)  and  the  last  text  I  looked  through  says-  We  now 
know  that  compounds  of  carbon,  whatever  their  source,  are  sub- 
ject to  the  laws  that  govern  all  other  compounds,  that  Avogadro's 
hypothesis  postulates  equal  numbers  of  atoms  in  equal  volumes 
under  like  conditions,  that  a  heavy  gas  delivered  at  the  bottom  of 
a  receiver  driving  the  lighter  air  upward  is-  collected-  by  down- 
ward displacement  of  air,  and,  conversely,  that  a  light  gas  col- 
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lected  in  the  upper  part  of  an  inverted  receiver  is  collected  by 
upward  displacement  of  air ;  that  a  gas  collected  over  water  rises 
and  forces  the  water  down,  that  nitrogen  tetroxid  is  hyponitric 
acid,  that  there  are  calories  of  heat  and  degrees  of  cold — one  old 
text  says  degrees  of  frost. 

Some  of  these  writers  have  yet  to  learn  that  they  live  in  an 
atmosphere  such  as  ours  is,  or  at  least,  that  the  atmosphere  exerts 
pressure.  They  draw  air  into  their  lungs,  the  current  of  gas  in  a 
Bunsen  burner  draws  air  through  the  holes,  an  aspirator  draws 
air  through  the  apparatus ;  when  the  flame  is  taken  from  a  gene- 
rator the  water  sucks  back  and  there  is  a  suction  in  the  receiver 
of  the  air-pump.  What  possible  chance  for  the  student  to  get 
clear  ideas  and  do  clear  thinking  when  his  teachers  talk  that  way  ? 

They  speak  of  atoms  and  radicals  as  they  would  of  the  letters 
in  a  word.  The  two  hydrogens  in  HjSO^  (Aitch  two  ess  oh 
four)  ;  the  three  hydroxyls  in  B(OH)3;  the  nitrogens  in  ammo- 
nium nitrate  are  exactly  on  a  par  with  the  two  esses  in  miss* 
Likewise  we  have  the  iodins  in  Hglj  and  the  oxygens  in  BaOj. 
Are  we  coming  to  a  time  when  we  shall  speak  of  the  sodiums  (or 
will  they  be  sodas?),  the  sulphurs  and  the  oxygens  in  hypo?  The 
directions  given  the  student  are  amazing  or  amusing.  He  is  told 
to  blow  out  a  splinter  or  a  match  or  a  candle  or  a  lighted  candle,  to 
turn  a  flame  up  or  down,  to  use  unheard-of  amounts  of  reagents. 
I  quote  but  one:  Add  lo  cubic  centimeters  concentrated  nitric 
acid  to  a  hot  solution  of  ferrous  sulphate  and  boil.  Test  a  portion 
for  a  ferric  salt.  Ten  cubic  centimeters  of  nitric  acid  contain 
9.6  grams  of  acid.  If  three  atoms  of  oxygen  from  two  molecules 
of  the  acid  change  six  molecules  of  ferrous  sulphate  to  three  mole- 
cules of  the  ferric  salt,  then  9.6  grams  of  nitric  acid  would 
oxidize  60.6  grams  of  ferrous  salt  to  the  higher  valence.  Using 
the  concentration  recommended  by  the  author  of  this  particular 
book  this  would  make  about  seven  liters  of  the  ferrous  sulphate 
solution.    What  size  of  test-tube  or  beaker  does  the  student  use? 

One  more  complaint  and  I  am  done.  That  is  the  spelling  of 
symbols  and  formulae.  I  have  written  these  as  printed  in  a  few 
cases  and  spelled  one  of  them  out  in  full  but  that  does  not  seem 
to  be  enough.  S  indicates  one  atom  of  sulphur  and  is  incorrectly 
used  for  any  larger  amount  as  grams  or  tons.^ 

iMr.  W.  A.  Puckner  in  Reports  of  the  Chemical  I^aboratory  of  the  American  Medical 
Association,  Vol.  3.  Jan.-Dec.  1910,  has  something  apropos  to  this  discussion. 


Digitized  by  LjOOQIC 


370 


SCHOOL  SCIESCB  ASD  MATHEMATICS 


AK  APPARATUS  FOR  BOTH  BOTLB'S  AND  CHARLES'S  LAW. 

By    C.    E.    LiNEBARGER, 

Lake  Vieiv  High  School,  Chicago,  ///. 

The  apparatus  consists  of  an  open  and  a  closed  manometer, 
both  straight  and  vertical,  and  made  of  glass  of  ordinary  size, 
with  their  lower  ends  dipping  into  mercury  contained  in  a  vessel 
connected  with  an  air  compressor.  To  vary  the  temperature  of 
the  air  within  the  closed  manometer,  this  may  be  surrounded 
by  a  jacketing  tube  (not  shown  in  the  figure)  through  which 
liquids  at  different  temperatures  or  the  vapors  of  boiling  liquids, 

such  as  water,  ether,  acetne, 
carbon  tetrachloride,  alcohol, 
etc.,  may  be  passed. 

The  open  manometer  is 
about  I  lo  cm.  long  and  passes 
through  one  of  the  holes  of  a 
thrice  perforated  stopper. 
The  closed  manometer  is 
about  60  cm.  in  length  and 
passes  through  a  second  hole, 
while  the  third  hole  is  pro- 
vided with  an  L-tube.  The 
lower  ends  of  the  manometers 
should  be  rotated  in  a  flame 
until  they  fuse  nearly  to- 
gether, leaving  an  opening 
about  a  millimeter  in  diam- 
eter; this  will  prevent  undue 
surging  of  the  mercury  when 
forced  up  into  the  tubes.  The 
upper  end  of  the  closed  ma- 
nometer should  be  as  nearly 
flat  as  it  is  possible  .to  make  it 
so  that  no  correction  need  be 
applied  to  the  volume  (actu- 
ally measured  as  a  length  on 
the  assumption  that  the  bore 
of  the  tube  is  uniform)  on 
account  of  the  convexity  of 
the  end.  It  is  well  to  have  the 
upper  end  of  the  open  ma- 
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nometer  flared  out  like  a  funnel,  or  fitted  with  a  cork  over  which 
is  fixed  a  broken  test  tube,  such  an  arrangement  preventing  the 
overflow  of  mercury,  which  may  otherwise  happen  should  the  air 
in  the  vessel  be  compressed  too  rapidly. 

The  stopper  is  fitted  to  a  screw  cap  bottle,  and  a  circle  punched 
out  of  the  cap  just  large  enough  to  accommodate  the  three  tubes. 
To  fill  the  closed  manometer  with  dry  air,  connect  it  with  a 
chloride  of  calcium  tube  and  pass  a  Bunsen  flame  along  it  until 
its  entire  length  is  heated  nearly  to  redness.  Let  it  cool  to  the 
temperature  of  the  room,  disconnect  from  the  drying  tube,  and, 
before  any  considerable  amount  of  the  dried  air  can  escape,  dip 
the  open  end  of  the  tube  into  vaseline.  The  short  plug  of  vas- 
eline that  will  enter  the  tube  effectually  seals  the  dried  air  unless 
it  is  heated  too  much  by  handling. 

Fill  the  bottle  to  a  depth  of  about  three  centimeters  with  clean 
and  dry  mercury,  cover  the  mercury  with  a  thick  layer  of  cal- 
cium chlorides  insert  the  stopper  into  the  neck  of  the  bottle, 
and  push  the  ends  of  the  manometers  down  nearly  to  the  bottom. 
Screw  on  the  cap  and,  connecting  a  bicycle  valve  and  pump  to 
the  L-tube  by  means  of  rubber  tubing,  pump  air  into  the  bottle 
until  the  stopper  is  forced  up  snugly  against  the  cap.  It  may 
be  found  necessary  to  bind  the  rubber  tubing  by  wire  or  string 
both  to  the  L-tube  and  to  the  bicycle  valve. 

Remove  the  bicycle  valve  and  pump  and  substitute  an  exhaust 
pump.  Close  the  upper  end  of  the  open  tube  with  a  tiny  lump 
of  beeswax.  Exhaust  the  air  in  the  bottle  a  little,  and  then  dis- 
connect; the  mercury  will  rise  in  the  tubes.  Continue  the  ex- 
haustion by  degrees  until  the  mercury  rises  to  a  distance  above 
the  stopper  equal  to  about  a  fourth  of  the  length  of  the  closed 
manometer.  Replace  the  rubber  tubing  connecting  the  L-tube 
to  the  bicycle  valve,  interposing  a  screw  cock  and  binding  the 
rubber  tubing  to  the  valve  and  L-tube. 

The  jacketing  tube  is  a  piece  of  wide  and  thin  glass  tubing 
with  its  ends  flared  a  little  for  the  reception  of  stoppers,  and  is 
a  little  longer  than  the  portion  of  the  closed  manometer  extend- 
ing above  the  screw  cap.  Its  ends  are  -closed  with  two-hole  stop- 
pers, one  hole  of  each  of  which  is  fitted  with  an  L-tube,  while 
the  closed  manometer  is  thrust  through  the  other  hole  of  the 
lower  stopper,  and  a  thermometer  through  the  remaining  hole  of 
the  upper  stopper. 


iTo  prepare  pcrfecUy  dry  calcium  chloride  in  thin  cakes  or  plates,  proceed  as  follows: 
Heat  a  lump  of  the  chloride  held  by  crucible  tonga  in  a  large  blast  flame.  The  chloride 
will  fnse  and  the  drops  that  fall  from  the  lump  are  caught  upon  a  plate  or  a  piece  of  sheet 
metal. 
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The  apparatus  may  be  supported  on  a  retort  stand,  one  ring 
encircling  the  bottle  and  a  smaller  ring  or  a  burette  clamp  near 
the  top  of  the  rod  holding  the  tubes.  Special  metal  stands  are 
also  made  to  hold  the  apparatus.  A  meter  stick  is  secured  along- 
side the  tubes  by  a  clamp  or  by  means  of  cord  or  rubber  bands, 
one  end  of  it  resting  upon  the  screw  cap. 

The  apparatus  when  assembled  may  be  used  season  after  sea- 
son at  a  moment's  notice  except  for  the  occasional  replacing  of 
the  rubber  tubing  due  to  its  deterioration  and  of  the  calcium 
chloride  because  of  its  deliquescence.  The  support,  meter  stick 
and  pump  can  be  detached,  of  course,  and  made  available  in  other 
experiments.  The  principle  of  the  operation  of  the  apparatus 
is  readily  understood  by  students,  its  action  is  rapid  and  its  re- 
sults are  reliable.  A  dozen  pieces  of  the  apparatus  have  been 
used  in  the  writer's  laboratory  for  several  years,  and  have  proved 
perfectly  satisfactory  both  to  pupils  and  instructor. 

The  apparatus  is  used  (i)  to  find  the  relationship  between  the 
pressure  and  the  volume  of  a  mass  of  gas  at  constant  tempera- 
ture (Boyle's  Law)  ;  (2)  to  determine  the  coefficient  of  expan- 
sion of  a  gas  kept  under  constant  pressure  (volume  coefficient 
of  expansion)  ;  and  (3)  to  find  the  coefficient  of  expansion  of  a 
gas  maintained  at  a  constant  volume  (pressure  coefficient  of 
expansion).  It  is  also  utilizable  in  demonstrating  the  principle 
of  pressure  transmission  and  of  manometers.  The  manner  of  - 
employing  the  apparatus  for  these  purposes  as  well  as  the  kind 
of  results  that  may  be  obtained  are  considered  in  what  follows. 

Boyle's  Law. 

The  apparatus  is  arranged  as  shown  in  the  figure.  The  jacket- 
ing tube  is  hardly  necessary,  inasmuch  as  the  temperature  of 
the  laboratory  may  usually  be  considered  as  remaining  uniform 
during  the  brief  time  required  for  the  performance  of  the  ex- 
periment. Still  it  is  but  little  trouble  to  run  water  from  a  large 
supply  kept  well  stirred  so  as  to  maintain  constancy  of  tempera- 
ture up  through  the  jacketing  tube,  or  to  pass  steam  from  a 
boiler  down  through  it.  The  data  will  then  not  be  influenced 
by  any  variations  in  the  temperature  of  the  room. 

The  meter  stick  is  read  at  a  point  on  a  level  with  the  inner 
surface  of  the  upper  end  of  the  closed  tube.  The  pump  is  then 
worked  until  the  mercury  in  the  open  tube  is  forced  a  little 
above  that  in  the  closed  tube.  Usually  the  apparatus  leaks  a 
little  so  that  the  mercury  levels  fall  slowly.    The  rubber  tubing 
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can  be  pinched  together  either  with  the  screw  cock  or  between  the 
thumb  and  finger  so  that  it  is  possible  to  prevent  the  movement 
of  the  mercury  long  enough  to  make  a  reading  when  it  is  at  the 
same  level  in  both  tubes.  If,  however,  the  apparatus  is  tight,  and 
the  mercury  remains  stationary  or  falls  too  slowly,  disconnect 
the  pump,  and  open  the  valve  by  sticking  a  pencil  point  into  it. 

When  the  mercury  stands  at  the  same  level  in  both  tubes,  the 
pressure  of  the  confined  air  is  equal  to  that  of  the  atmosphere  as 
read  on  a  barometer.  When  the  mercury  in  the  open  tube  is 
higher  than  in  the  closed  tube,  the  pressure  on  the  confined  air 
is  greater  than  that  of  the  atmosphere;  and  when  it  is  lower, 
the  air  is  under  a  pressure  less  than  that  of  the  atmosphere.  The 
apparatus  therefore  permits  of  studying  Boyle's  Law  at  pres- 
sures both  greater  and  less  than  atmospheric. 

Air  is  now  pumped  into  the  bottle  until  mercury  is  forced  up 
to  nearly  the  top  of  the  open  tube.  By  pinching  the  rubber 
tubing,  the  mercury  can  be  prevented  from  sinking,  and  read- 
ings of  the  mercury  levels  in  both  tubes  are  made.  Two  stu- 
dents can  work  to  advantage  here,  one  reading  the  mercury  level 
in  the  open  tube  at  the  same  instant  that  the  other  reads  the  mer- 
cury level  in  the  closed  tube.  Enough  air  is  allowed  to  escape 
from  the  bottle  to  let  the  mercury  sink  about  ten  centimeters 
in  the  open  manometer.  The  motion  of  the  mercury  is  then 
checked  and  readings  of  both  levels  taken.  In  similar  fashion 
additional  readings  are  taken  until  the  mercury  in  the  open  tube 
sinks  below  the  stopper. 

The  following  tabulation  taken  from  a  student's  notebook 
shows  what  results  the  apparatus  can  yield.  It  is  not  too  much 
to  require  that  the  products  of  P  and  V  do  not  diflfer  by  more 
than  two  per  cent. 

TABULATION  FOR  BOYLE'S  LAW. 
A.  Barometer  reading,  75.9  cm.    B.  Reading  at  top  of  closed  tube,  82.0  cm. 
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Volume  Coefficient  of  Expansion. 

The  temperature  of  the  air  within  the  closed  manometer  is 
reduced  to  o°  by  running  a  weak  salt  or  alcoholic  solution  through 
the  jacketing  tube,  previously  cooled  to  about  — 2°  by  putting 
plenty  of  snow  or  cracked  ice  into  it.  By  regulating  the  speed 
of  flow  by  means  of  a  screw  cock  compressing  the  rubber  tub- 
ing leading  the  solution  to  the  jacketing  tube,  the  temperature 
of  the  confined  air  can  be  maintained  at  o**.  Air  is  pumped 
into  the  bottle  until  the  mercury  stands  at  the  same  height  in 
both  manometers.  The  difference  between  the  readings  on  the 
meter  stick  at  points  on  a  level  (i)  with  the  inner  surface  of 
the  upper  extremity  of  the  closed  tube  and  (2)  with  the  mer- 
cury gives  the  volume  of  the  air  at  0°. 

After  the  solution  is  run  out  of  the  jacketing  tube,  steam  from 
a  boiler  is  passed  through  it.  The  temperature  of  the  imprisoned 
air  is  thereby  raised  to  that  of  the  boiling  point  of  water  under 
the  prevailing  pressure  of  the  atmosphere.  It  is  easy  to  increase 
the  pressure  of  the  steam  by  compressing  the  rubber  tubing  some- 
what so  that  its  temperature  may  be  raised  to  100°,  but  that  is 
unnecessary  for  the  purpose  of  this  experiment.  When  enough 
air  is  pumped  into  the  bottle  to  raise  the  mercury  in  both  tubes 
to  the  same  level,  a  reading  on  the  meter  stick  is  made.  The 
difference  between  it  and  the  reading  at  the  top  of  the  closed 
manometer  gives  the  volume  at  the  higher  temperature.  From 
these  data  the  volume  coefficient  may  be  computed  as  shown  in 
the  annexed  tabulation.  Determinations  usually  give  values  dif- 
fering by  less  than  three  per  cent  from  the  accepted  value  of 
.00367^ 

Pressure  Coefficient  of  Expansion. 

While  the  steam  is  still  being  passed  through  the  apparatus, 
the  pump  is  worked  until  the  mercury  in  the  closed  tube  is 
forced  up  to  the  same  level  that  it  occupied  when  the  volume 
of  the  enclosed  air  was  read  at  o®  and  under  atmospheric  pres- 
sure. The  level  of  the  mercury  in  the  open  tube  is  read  at  the 
same  time,  and  the  increase  of  pressure  needed  to  keep  the  air 
at  a  constant  volume  ascertained.  The  pressure  coefficient  is 
calculated  as  shown  in  the  tabulation. 

Tabulation  for  Charles's  Law. 

1st  trial  2nd  trial 

A.  Barometer  reading    74.5  cm.  74.5  cm. 

B,  Reading  at  the  top  of  the  air  column  67.6  cm.  67.6  cm. 

SStudento*  dif«ctiont  for  performing  the  experiments  with  this  appAratns  are  given  in 
the  writer's  I^abormtory  Manual  of  Physics  (D.  C.  Heath  &  Co.) 
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C.  Reading   of   the   mercury   level    in 

both  tubes  when  the  air  is  at  0*'..lst  adjustment  42.4  cm.    42.3  cm. 

2nd         "  42.3  42.4 

3rd         "  42.3  42.3 

Average  42.3  42.3 

/.      Temperature  when  steam  is  passed 99.4**  99.4® 

D.  Reading   of   the   mercury   level    in 

both  tubes  when  the  air  is  at  /**,.lst  adjustment  33.4  cm.    33.3  cm. 

2nd         "  33.3  33.3 

3rd         "  33.4  33.3 

Average  33.4  33.3 

H.  Reading  on  the  open  tube  when  the 
temperature  of  the  air  is  t^  and 
the  reading  on  the  closed  tube  is 

the  same  as  in  C 1st  adjustment  68.7  cm.    69.0  cm. 

2nd         "  68.9  68.6 

3rd         "  68.5  68.5 

Average                       68.7  68.7 

P.    Volume  of  the  air  at  0"*  and  ^4  cm.  [B  —  C]  25.3  cm.  25.3  cm. 

G.    Volume  of  the  air  at  /"  and  ^4  cm.  [B  —  D]  34.2  cm.  34.3  cm. 

Increase  in  volume  under  pressure  of  A  cm.  [G  —  F]  8.9  cm.  9.0  cm. 

~vF~  I 

.00355       .00361 

Per  cent  of  error   3%  2% 

H.    Pressure  of  the  air  with  volume  constant  at   t^ 

[B  —  C-^A]  100.9  cm.  101.1  cm. 

Increase  in  pressure  with  constant  volume  [£  —  C]  26.4  cm.    26.5  cm. 

[H— An 
—TTT-    00356       .00357 

Per  cent  of  error   3%  3% 

Good  values  for  the  expansion  coefficients  cannot  be  obtained 
unless  the  imprisoned  air  is  kept  perfectly  dry.  The  common 
procedure  of  putting  a  drop  of  strong  sulphuric  acid  within  the 
tube  cannot,  of  course,  be  employed  with  a  vertical  tube,  and  it 
has  been  pointed  out  that  "sulphuric  acid  does  not  serve  the  pur- 
pose for  which  it  is  intended"  (Hennings,  this  Journal,  Vol. 
XII,  p.  9).  The  experience  of  the  writer  has  been  similar  to 
that  of  the  authority  just  quoted.  Freshly  prepared  closed 
manometers  were  found  to  give  results  with  small  error,  but 
after  standing  for  a  year  they  yielded  values  for  the  coefficients 
that  were  much  too  large.  The  use  of  calcium  chloride,  how- 
ever, relieved  the  situation  satisfactorily.  One  closed  manometer, 
was  made  of  tubing  of  about  six  millimeters  bore,  and  a  couple 
of  tiny  lumps  of  freshly  fused  calcium  chloride  introduced  into 
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it  so  as  to  float  upon  the  surface  of  the  mercury  within  the  tube. 
The  volume  of  the  chloride  was  regarded  as  negligible,  and  the 
apparatus  has  given  excellent  results  for  four  seasons.  The  use 
of  calcium  chloride  within  the  bottle  prevents  moisture  from  get- 
ting into  the  air  within  the  closed  tube.  Since  the  outlet  of  the 
bottle  is  provided  with  a  bicycle  valve,  one  filling  of  the  chloride 
lasts  some  time  before  it  deliquesces  enough  to  seriously  impair 
its  drying  power. 


A  CONVENIENT  GASOMETER. 

By  N.  F.  Smith. 

Many  interesting  physical  experiments — such,  for  example,  as 
those  with  the  sensitive  flame — require  for  their  execution  a  gas 
pressure  in  excess  of  that  supplied  by  the  ordinary  city  gas  works. 

Since  few  elementary  labora- 
tories are  supplied  with  gas 
tanks  containing  compressed 
hydrogen  or  coal  gas,  these  in- 
structive experiments  are  com- 
monly omitted.  For  the  per- 
formance of  such  experi- 
ments, the  following  ex- 
tremely simple  device  has  been 
found  eflFective  and  conven- 
ient. 

An  empty  carboy,  gasoline 
can  or  other  air-tight  recep- 
tacle holding  from  three  to 
five  gallons  is  fitted  with  a 
two-hole  rubber  stopper 
through  which  pass  a  siphon, 
DE,  and  an  inlet  tube,  C.  The  container  is  first  filled  with  water, 
after  which  C  is  connected  to  the  gas-cock  and  the  water  dis- 
placed by  gas.  C  is  then  connected  to  the  burner  where  gas  at 
high  pressure  is  desired.  E  is  connected  to  the  water  tap  and  the 
faucet  opened  until  the  desired  pressure  is  obtained.  By  regu- 
lating the  rate  at  which  water  is  supplied,  any  desired  gas  pres- 
sure can  be  secured.  A  five  gallon  container  will  supply  gas  for 
a  sensitive  flame  for  one  or  two  hours  without  refilling. 


B 
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A  GENERAL  80IEN0E  COURSE  OF  ELEMENTARY  PHT8I0S 
AND  MATHEMATICS  COMBINED. 

By  J,  C,  Gray, 
Thornton  Academy,  Saco,  Maine, 

Along  with  the  other  suggestions  for  a  general  science  course 
which  have  appeared  in  this  magazine  the  writer  offers  the  fol- 
lowing, believing  that  only  by  discussion  and  exchange  of  ideas 
can  a  general  science  course  be  developed  such  as  will  be  gen- 
erally accepted.  His  suggestion  is  for  a  course  of  elementary 
physics  and  mathematics  combined,  so  that  each  subject  will 
furnish  material  for  the  other,  thus  securing  a  suitable  corre- 
lation of  the  science  and  mathematics,  which  will  help  the 
pupil  in  each.  This  course  in  general  science  is  given  in  the 
second  year,  five  times  a  week,  following  the  first  year  algebra. 
It  is  followed  in  tlie  third  year  by  chemistry,  and  in  the  fourth 
year  by  physics  for  those  going  to  college  and  by  applied 
science  for  those  not  going.  This  course  and  this  order  of  chem- 
istry and  physics  has  just  been  started  at  Thornton  Academy,  so 
it  is  yet  too  early  to  judge  of  the  results. 

Most  science  teachers  now  recognize  the  need  of  an  intro- 
ductory science  course,  but  differ  in  what  its  content  should  be. 
Some  believe  that  such  a  course  should  teach  a  little  about  every 
science  which  the  pupil  is  likely  to  study  in  the  high  school: 
chemistry,  physics,  physical  geography,  botany,  zoology,  and 
even  physiology ;  others  that  it  should  be  based  on  physical  geog- 
raphy or  agriculture  and  journey  into  physics  or  chemistry  for 
explanation  of  phenomena.  But  the  chief  objection  to  such 
courses  in  general  science  is  that  they  just  skim  the  surface  of 
the  subject  without  giving  the  pupil  much  of  real  educational 
value.  To  be  of  real  benefit  to  the  pupil  an  efficient  general 
science  course  must  develop  his  mental  abilities,  as  well  as  give 
the  elements  on  which  to  base  further  work  in  science.  Both 
of  these  purposes  can  best  be  served  by  taking  up  in  a  thorough 
manner  a  few  subjects  in  physics,  which  are  to  be  most  used 
later,  with  experiments,  problems,  explanations,  and  applica- 
tions. The  experiments  teach  the  pupil  how  to  measure  and 
to  weigh  carefully  and  to  record  data  in  the  notebook,  as  well 
as  furnishing  material  for  the  problem  work.  The  problems,  if 
carefully  chosen,  give  the  opportunity  to  apply  algebra  and  ge- 
ometry, the  uses  of  which  in  science  always  trouble  pupils.  The 
explanations  and  applications  of  the  subjects  studied  give  the 
fundamental  facts  to  be  used  in  further  science  study. 
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Aside  from  the  general  objects  of  high  school  science  courses 
as  usually  stated,  namely,  (i)  to  develop  the  pupil's  powers  of 
observation  and  of  reasoning,  (2)  to  train  him  in  methods  of 
scientific  work  and  expression,  and  (3)  to  extend  his  knowledge 
of  scientific  subjects,  this  general  science  course  may  be  said 
to  have  for  its  specific  objects  (i)  to  lay  a  firm  foundation  for  fur- 
ther work  in  science  and  (2)  to  help  the  pupil  who  finds  mathe- 
matics hard. 

In  attempting  to  carry  out  the  first  of  these  objects,  to  lay  a 
firm  foundation  for  further  work  in  science,  such  topics  in 
physics  are  taken  up  as  are  most  useful  for  work  in  chemistry 
the  next  year,  or  as  furnish  good  problems  for  applications  of 
mathematics.  Some  of  these  topics  are  the  metric  system,  meas- 
uring and  weighing,  density,  specific  gravity,  measurement  of 
temperature  and  of  pressure,  Charles'  and  Boyle's  Laws,  states  of 
matter,  melting  and  boiling  points,  Ohm's  Law,  polarity,  etc. 

In  attempting  to  carry  out  the  second  of  these  objects,  to  help 
the  pupil  who  finds  mathematics  hard,  the  work  is  not  taken  up 
in  any  logical  order,  but  algebra  and  geometry  are  brought  in  as 
they  are  needed  in  the  work  in  physics;  that  is,  the  pupil  finds 
some  need  for  algebra  or  geometry  in  working  out  some  problem, 
before  he  is  given  the  mathematical  principle  to  use.  Mathe- 
matics is  regarded  chiefly  as  a  tool  to  be  used  in  the  study  of 
science;  hence  those  subjects  are  taken  up,  which  arc  useful  in 
science.  Speed,  accuracy,  and  quick  methods  of  solving  are 
drilled  on,  rather  than  the  more  difficult  and  less  useful  principles. 
In  algebra,  the  work  of  the  first  year,  through  fractional  equa- 
tions is  reviewed,  because  many  of  the  pupils  taking  this  course 
have  had  trouble  with  their  first  year  algebra;  then  involution, 
evolution,  and  simultaneous  equations  are  considered,  and  also  a 
little  work  with  surds  and  exponents.  In*  geometry  lines,  angles, 
triangles,  circles,  quadrilaterals,  constructions,  plotting  curves, 
and  proportion  are  taken  up.  With  all  these  mathematical  sub- 
jects some  problem  in  science  is  first  given,  for  the  solution  of 
which  the  mathematics  is  required. 

Each  subject  in  science  is  brought  up  by  means  of  experiments, 
either  by  the  pupils  or  by  the  teacher,  which  illustrate  the  prin- 
ciple in  physics  to  be  studied  and  gives  a  basis  on  which  to  work. 
In  applying  the  principle  the  need  of  some  subject  in  algebra  or 
geometry  is  realized,  which  subject  is  then  given  and  applied  at 
once  on  the  problem  at  hand. 

An  example  will  best  show  how  the  work  in  physics  and  mathe- 
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matics  can  be  combined  in  experiments  and  problems.  On  the 
first  day  about  a  dozen  different  objects,  such  as  balances,  motors, 
galvanometers,  lenses,  and  various  other  pieces  of  apparatus,  were 
placed  on  the  tables.  The  pupils  were  told  to  look  around  for 
five  minutes  and  then  describe  the  three  most  interesting  things 
they  saw.  Among  the  objects  were  two  jars,  one  of  water  and 
the  other  of  mercury,  each  containing  an  iron  weight.  About 
two  thirds  of  the  class  noted  the  iron  weight  floating  on  the  mer- 
cury as  one  of  their  three  most  interesting  objects,  so  we  started 
in  to  find  the  explanation.  A  little  questioning  brought  out  the 
need  of  being  able  to  weigh  and  to  measure  the  water  and  the 
mercury,  which  led  to  the  metric  system.  After  this,  the  subject 
of  density  was  studied,  being  preceded  by  suitable  experiments 
and  being  brought  up  by  the  consideration  of  the  weight  of  a 
cubic  centimeter  of  other  substances  than  water.  Working  den- 
sity problems,  using  the  formula,  brought  in  the  need  of  algebra 
in  the  solution  of  fractional  equations,  so  this  subject  was  taken 
up  in  algebra,  after  first  reviewing  the  subjects  usually  coming 
before  fractional  equations.  Then  followed  specific  gravity  and 
the  relation  between  the  loss  in  weight  of  a  body  in  a  liquid  and 
the  weight  of  the  liquid  displaced,  which  explained  the  floating  of 
the  iron  in  the  mercury. 

Similarly,  the  length  of  object  and  of  image  formed  by  a  lens 
or  Charles'  Law  can  be  used  for  applications  of  a  direct  ratio; 
Boyle's  Law  for  an  inverse  ratio ;  the  inclined  plane  and  heights  of 
objects  and  lengths  of  shadows  for  similar  triangles,  which  bring 
in  the  finding  of  the  third  side  of  a  triangle  when  the  other  two 
are  given,  which  in  turn  brings  in  involution  and  evolution.  Sim- 
ilar triangles,  of  course,  bring  in  also  the  direct  ratio.  These 
suffice  to  suggest  some  of  the  ways  in  which  physics  and  mathe- 
matics may  be  correlated,  the  science  subjects  being  grouped  ac- 
cording to  the  mathematical  principles  which  are  used  in  solving 
them. 

Some  may  object  to  a  general  science  course  like  this,  because 
it  is  planned  for  the  second  year,  believing  it  ought  to  be  in  the 
first  year.  However,  it  would  be  perfectly  possible  to  have  such 
a  course  in  the  first  year  along  with  the  first  year  algebra ;  that 
is,  two  separate  courses,  as  there  would  not  be  time  in  one  course 
to  cover  all  the  elements  of  algebra  and  the  science  besides.  The 
two  courses  could  be  worked  together,  especially  if  the  same 
teacher  had  both. 
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Another  objection  will  come  from  those  who  plan  a  general 
science  course  in  order  that  the  pupil  who  leaves  school  in  the 
fir$t  or  second  year  may  get  some  acquaintance  with  scientific 
facts.  Instead  of  planning  the  course  for  the  benefit  of  just  such 
a  pupil,  why  not  plan  to  prevent  his  leaving  school?  This  can 
be  done  in  one  way  by  helping  him  in  his  mathematics,  letting 
him  pass  off  a  condition  in  first  year  algebra  by  talcing  a  course 
of  science  and  mathematics  combined.  If  the  real  causes  of  so 
many  pupils  becoming  discouraged  and  leaving  school  could  be 
known,  trouble  with  mathematics,  I  venture,  would  be  found  to 
be  one  of  the  most  common.  A  course  of  elementary  physics  and 
mathematics  combined  woufd  be  well  worth  while,  if  it  would 
save  some,  if  not  all,  of  these  pupils  for  the  school. 

0B78TALLIZATI0N. 

By  Franklin  T.  Jones, 
University  School,  Cleveland. 

The  growth  of  crystals  is  a  fascinating  thing  to  watch.  Usually 
the  operation  is,  of  necessity,  carried  on  upon  such  a  small  scale 
that  only  one  or  two  students  can  observe  it  at  a  time  and,  besides, 
to  get  good  crystals,  the  growth  is  too  slow  to  watch  without 
great  loss  of  time.  It  is  possible  to  perform  this  experiment  very 
simply  and  to  show  it  to  a  whole  class  at  a  time  at  any  place  where 
a  stereopticon  is  available. 

Make  a  saturated  hot  solution  of  common  salt,  or  of  any  sub- 
stance whose  crystals  it  is  desired  to  observe.  Place  a  drop  or 
two  on  a  clean  glass  plate,  warm  the  plate  slightly  and  place  it 
either  in  front  of  the  condensers  as  though  it  were  a  slide,  or, 
better,  place  it  on  the  stage  of  the  vertical  projector.  Evapora- 
tion will  take  place  very  rapidly  and  the  crystals  will  form  by  the 
time  the  teacher  can  explain  what  he  intends  to  show. 

Exceptionally  beautiful  effects  are  formed  in  soditun  chloride 
solution.  The  cubical  form  of  the  crystals,  the  step  construction, 
growth  from  the  inside  outward,  dispersion  effects  showing  colors, 
bright  diagonals  due  to  dispersion  probably,  etc.,  are  all  shown 
within  a  few  minutes.  The  pattern  is  changing  continually  so 
there  is  no  opportunity  for  a  moment's  lack  of  interest 

The  experiment  described  is  not  new  but  the  writer  has  not 
seen  it  previously  explained  in  the  columns  of  School  Science 
AND  Mathematics. 
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INSPECTION  OF  OHEMIOAL  INBUSTBIES  B7  STUDENTS  IN 
THE  SEOONDAET  S0HOOL8.' 

By  C.  A.  Vallance, 
Manual  Training  High  School,  Indianapolis. 

The  present  era  is  one  of  unrest.  A  period  of  a  few  years  ha^ 
witnessed  great  changes  in  all  phases  of  life.  Industrial  proc- 
esses,  religious  thought,  and  educational  methods  and  institutions 
have  all  been  more  or  less  affected  during  this  time.  Twenty 
years  ago  in  the  educational  world  the  academy  was  still  flour- 
ishing and  the  normal  school  was  preparing  students  for  the 
college  and  the  university,  as  well  as  giving  training  in  teaching. 
Within  this  period  the  high  school  has  grown  rapidly  usurping 
entirely  the  position  of  the  academy.  It  has  made  the  prepara- 
tory work  of  the  normal  school  of  secondary  importance,  and 
to-day,  in  the  teaching  of  many  branches,  is  a  competitor  with 
the  small  college.  As  a  result  of  such  rapid  growth  the  curricu- 
lum of  the  high  school  has  undergone  radical  changes  not  only 
in  the  nature  of  the  subjects  taught  but  also  in  the  subject-matter 
and  the  method  of  presenting  it.  In  the  adjustment  of  the  course 
more  importance  is  being  given  to  the  natural  sciences,  though 
not  without  opposition  on  the  part  of  teachers  and  friends  of 
subjects  of  traditional  importance.  Progressive  educators,  how- 
ever, realize  that  no  boy  or  girl  should  leave  the  high  school  with- 
out at  least  a  rudimentary  knowledge  of  some  of  those  materials 
and  processes  upon  which  the  life  and  health  of  the  individual 
and  the  welfare  of  the  community  depend. 

The  general  tendency  in  all  of  these  changes  is  to  make  the 
school  articulate  with  daily  life  and  no  subject  offers  better  op- 
portunities for  this  than  chemistry.  The  various  laboratory  ex- 
periments dealing  with  materials  and  processes  common  to  daily 
life,  views  of  manufacturing  plants,  samples  of  material  used  itw 
various  industries,  and  visits  to  the  plants  themselves  are  all  ef- 
fective methods  for  accomplishing  this. 

Inspection  of  chemical  industries  by  classes  in  technology  has- 
been  followed  for  a  long  time  by  universities  and  technical  schools. 
Their  aim,  however,  is  to  give  a  technical  training  instead  of  a 
general  understanding  of  the  work  as  should  be  the  case  in  the 
secondary  school. 

The  industries  to  be  visited  by  a  high  school  class  must  be 

iFeid  before  the  Chemical  Section  of  the  C.  A.  S.  &  M.  T.  mt  I^ewis  Institute.  Chicago 
Dee.  1,  1911. 
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largely  local  for  time  and  expense  prevent  going  to  any  distance. 
Although  greater  opportunities  are  offered  to  students  of  the 
larger  cities  since  the  industries  are  so  varied,  yet  in  nearly  all  of 
the  smaller  places  there  are  generally  some  plants  that  can  be 
visited  with  profit.  It  may  be  only  a  bakery,  a  cannery,  or  some 
other  industry  that  to  the  pupil  may  appear  to  have  no  relation  to 
chemistry. 

Many  secondary  teachers  have  but  little  interest  in  the  indus- 
trial side  of  the  work  because  they  have  had  no  training  in  techni- 
cal chemistry.  In  order  to  have  a  broad  comprehension  of  his 
subject  the  teacher  should  understand  not  only  the  theoretical 
side  of  the  work  but  also  many  of  the  common  industries  in- 
volving chemical  processes.  This  is  the  phase  of  the  subject  that 
appeals  most  strongly  to  the  boys  and  girls,  and  nothing  will 
make  the  course  and  the  teacher  more  popular  than  work  along 
this  line.  Supplementary  to  a  good  training,  the  progressive 
chemistry  teacher  should  keep  fairly  well  informed  in  regard  to 
the  industrial  side  of  his  subject  by  means  of  a  good  magazine  of 
industrial  chemistry. 

It  is  unnecessary  to  say  that  before  visiting  a  plant  arrange- 
ments should  be  made  with  the  manager  or  superintendent.  In 
some  cases  visitors  are  not  allowed  either  on  account  of  secret 
processes  or  machinery,  or  because  of  the  inconvenience.  Per- 
mission is  generally  given  willingly  in  case  of  those  industries 
that  depend  upon  the  public  for  the  disposal  of  their  product  or 
for  their  franchise.  Especially  is  this  true  of  gas  works,  water 
works,  plants  for  garbage  disposal,  bakeries,  etc.  It  is  a  good 
way  of  cheap  advertising  for  in  this  way  they  obtain  the  good 
will  of  boys  and  girls  soon  to  become  the  heads  of  families  and 
as  citizens,  to  have  a  voice  in  determining  the  relations  of  these 
industries  to  the  municipality. 

As  a  rule,  much  better  results  will  be  obtained  if  the  teacher 
visits  the  plant  first  and  becomes  acquainted  with  the  superin- 
tendent or  chemist.  This  will  make  the  teacher  more  efficient  for 
it  will  take  him  away  from  books  and  the  routine  of  school,  and 
will  give  him  a  broader  view  of  his  subject  by  bringing  him  in 
contact  with  the  business  man  and  his  work.  On  the  other  hand, 
the  business  man  will  have  a  better  idea  of  the  teacher  and  the 
work  of  the  high  school  and  will  not  be"  so  opposed  to  paying 
taxes  to  support  an  institution  which  too  often  he  believes  gives 
a  training  of  but  little  value  to  the  boy. 

The  success  of  a  teacher  in  this  line  of  work  depends  largely 
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upon  whether  he  himself  understands  the  processes  and  the  vari- 
ous mechanical  appliances  in  the  plant  to  be  visited  and  can  ex- 
plain them  to  the  class.  On  one  occasion  I  visited  a  power  plant 
with  a  teacher  of  physics  and  his  class.  He  had  to  depend  upon 
some  of  the  students  to  find  the  way  to  the  place,  was  not  ac- 
quainted with  the  superintendent  and  knew  but  very  little  about 
the  plant  itself.  Although  a  conscientious  teacher  and  capable 
in  many  ways,  the  lack  of  technical  training  and  his  method  of 
making  the  visit  made  it  of  little  value. 

In  preparation  for  such  an  inspection  the  student  should  first 
obtain  a  fairly  good  understanding  of  the  industry  from  text- 
books and  from  explanations  by  the  teacher.  The  best  results  will 
be  obtained  if  the  teacher  confines  the  description  largely  to  the 
individual  plant  to  be  visited  and  to  the  process  employed.  An 
explanation  that  is  too  technical  or  that  enters  too  fully  into  de- 
tail should  be  avoided  for  the  object  of  the  work  is  general  rather 
than  to  make  glass  chemists  or  superintendents  of  gas  plants. 
Lantern  slides  showing  the  various  parts  of  the  plant  and  the 
machinery  will  help  the  pupil  to  understand  what  he  sees  during 
the  visit.  The  teacher  should  have  also  samples  of  the  raw  mate- 
rial and  the  finished  product  to  show  the  class.  Such  preparation 
as  this  is  necessary  if  the  student  is  to  profit  by  the  trip  for  even 
skilled  chemists  when  visiting  an  extensive  plant  in  a  large  party 
do  not- understand  much  of  the  work,  and  on  account  of  the 
noise,  are  unable  to  hear  the  explanations  that  are  made. 

After  inspecting  the  plant  the  student  should  be  required  to 
write  a  composition  on  the  subject  explaining  the  process  by  any 
necessary  drawings.  These  compositions  should  be  made  a  part 
of  the  laboratory  record  book.  Often  it  is  a  good  plan  for  the 
teacher  to  prepare  an  outline  of  the  work  such  as  is  here  sug- 
gested in  connection  with  a  visit  to  a  fertilizer  plant. 

I.  Constituents  of  Plants. 

a.  Nitrogen.    Forms  of  nitrogenous  foods. 

b.  Potash. 

c.  Phosphorus. 

d.  Carbon,  silica,  sulphur,  etc. 

II.  Forms  and  Sources. 

a.   Nitrogen. 

1.  Soluble  nitrates,  Chili  saltpetre  or  nitre. 

2.  Ammonia  compounds,  especially  (NH4)2S04. 

3.  Organic  compounds. 

a.    Garbage.    Treatment  and  by-products. 
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b.  Dead  animals. 

c.  Manures. 

d.  Packing  house  by-products.    Blood,  tankage. 

4.    Nitrogen  from  the  air. 

a.  Electrical  process. 

b.  Cyanamide. 

c.  Nitrifying  bacteria. 

b.  Potash, 

1.  Soluble  potash  salts. 

a.  KQ — Kanit  from  (jermany. 

b.  K2SO4 — ^also  from  Germany. 

c.  KjCOg — ^wood  ashes. 

2.  Decomposition  of  rocks. 

c.  Phosphorus. 

1.  Parts  of  plants  and  animals  needing  phosphates. 

2.  Insoluble  phospha'     rock. 

a.  Deposits  in  Florida,  Carolinas,  etc. 

Discuss  conservation  of  deposits  and  need 
of  an  export  tax. 

b.  Conversion  by  H2SO4. 

c.  Conversion  in  nature. 

d.  Bone  ash. 

As  a  rule,  the  plant  should  be  inspected  as  soon  as  the  pupils 
have  completed  the  subject  as  taken  up  in  their  text-books.  In 
some  cases  such  as  the  manufacture  of  sulphuric  acid,  it  is  bet- 
ter to  wait  until  they  have  had  the  work  on  nitrogen  and  phos- 
phorus in  order  that  they  may  visit  the  fertilizer  plant  at  the 
same  time.  If  only  local  industries  are  to  be  visited  the  class  can 
make  the  trip  on  a  Saturday  or  at  the  close  of  school.  A  very 
good  arrangement  is  to  have  the  chemistry  period  the  last  in 
the  afternoon  so  that  this  time  can  then  be  used  and  attendance 
can  be  required.  However,  if  the  teacher  is  enthusiastic  and  the 
subject  has  been  taken  up  in  the  right  way,  the  majority  of  the 
students  will  be  eager  to  go  ?it  any  time  and  will  remember  this 
part  of  the  work  long  after  theories  and  formulas  are  forgottea 

In  order  to  understand  very  well  such  industries  as  the  manu- 
facture of  starch,  glucose,  soap-making,  brewing,  distilling,  oil 
refining,  etc.,  it  will  be  necessary  to  give  a  little  organic  chemis- 
try. Many  high  schools  omit  this  work  entirely  and  instead  de- 
vote a  month  or  more  to  qualitative  analysis.  This  seems  to  me 
to  be  a  great  mistake.     The  subject-matter  in  the  high  school 
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should  be  such  as  will  give  the  best  mental  training  together  with 
a  knowledge  of  the  materials  and  processes  commonly  occurring 
in  daily  life.  Analytical  reactions  and  the  properties  of  sub- 
stances as  learned  from  these  reactions  will  be  of  little  value  to 
the  student  who  does  not  pursue  the  subject  of  chemistry  farther. 
And  in  the  university  no  credit  is  given  for  this  work,  so  the 
student  must  cover  the  same  ground  twice.  On  the  other  hand  if 
this  time  were  devoted  to  a  brief  consideration  of  organic  chem- 
istry, our  students  would  understand  better  some  of  the  common 
things  and  changes  of  their  daily  life  such  as  fermentation,  the 
formation  of  vinegar,  the  petroleum  industry,  coal  tar  and  its 
simple  derivatives,  wood  alcohol,  denatured  alcohol,  etc.  Few 
^of  our  students  will  be  more  efficient  citizens  for  knowing  how 
to  separate  the  chlorides  of  lead,  silver,  and  mercury,  or  the 
color  of  this,  that,  and  the  other  sulphid,  but  whether  he  is  a 
live  citizen  or  a  dead  one  will  depend  upon  his  starting  the  fire 
with  gasoline,  or  drinking  wood  alcohol,  or  as  a  farmer  going 
into  his  cellar  with  a  candle  to  vispect  his  acetylene  generator. 
Nearly  every  day  one  reads  of  explosions,  fires,  deaths  and  other 
accidents  in  handling  these  things. 

By  visiting  various  factories  the  student  will  have  a  much  bet- 
ter idea  of  the  industries  of  his  own  city.  It  is  remarkable  how 
many  people  in  a  large  place  are  ignorant  of  the  industries  car- 
ried on  in  their  own  community.  Comparatively  few  people  in 
Indianapolis  know  that  there  is  a  fertilizer  works  in  the  city 
and  that  it  disposes  of  all  the  garbage,  or  that  the  greater  part 
of  the  milk  and  beer  bottles  are  made  by  a  local  concern.  The 
more  a  pupil  knows  about  these  industries,  the  more  civic  pride 
he  will  have  and  the  better  citizen  he  will  become. 

With  the  increasing  complexity  of  our  social,  our  political 
and  our  industrial  life  the  greater  is  their  interrelation  and  in- 
terdependence. A  generation  ago  the  garbage  was  cared  for 
by  the  family  pig,  the  ashes  filled  the  mudholes  and  made  the 
walks,  and  the  sewage  went  to  the  land  as  fertilizer.  To-day 
we  must  depend  upon  some  department  of  our  municipal  gov- 
ernment or  upon  a  private  company  to  perform  these  functions. 
Many  people  in  the  city  do  not  know  that  refuse  will  be  taken 
away  free,  and  consequently  they  decorate  the  alleys  and  vacant 
lots  with  tin  cans  and  ash  heaps.  In  many  of  our  cities  graft 
and  corruption  are  carried  on  openly  in  these  departments  and 
by  these  companies.  The  city  often  enters  into  a  one-sided  con- 
tract or  maintains  an  inefficient  system  because  of  ignorance 
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and  lack  of  interest.  In  Indianapolis  our  council  is  tr3dng  to 
decide  whether  to  increase  the  contract  price  with  a  private  com- 
pany for  disposing  of  the  garbage  or  whether  to  erect  a  munic- 
ipal plant.  Our  chemistry  students  since  visiting  the  fertilizer 
works  and  realizing  the  value  of  the  garbage,  are  manifesting 
much  interest  in  the  question  and  could  perhaps  vote  on  it  as 
intelligently  and  honestly  as  some  of  our  councilmen. 

One  of  the  greatest  problems  confronting  our  industrial  world 
to-day  is  the  conservation  of  our  resources.  The  technically 
trained  man  realizes  better  than  anyone  else  the  great  waste  that 
occurs  in  many  branches  of  the  industrial  world.  Much  of  this 
waste  is  the  result  of  following  traditional  methods.  The  road 
to  conservation  would  be  much  easier  if  the  manufacturer  had 
such  general  training  as  would  enable  him  to  realize  the  value 
of  expert  advice  in  buying  bricks  either  of  gold  or  clay,  and  the 
need  of  technically  trained  men  as  superintendents  and  managers. 
We  should  teach  the  boy  of  to-day  the  necessity  of  conservation 
and  how  it  may  be  accomplished  so  that  as  the  manufacturer  of 
to-morrow  he  will  voluntarily  look  to  the  scientist  and  technical 
man  to  make  his  plan*-  more  efficient. 

These  visits,  too,  will  help  the  boy  to  find  himself.  During 
his  high  school  life  the  boy  should  be  planning  his  -future.  On 
the  other  hand  we  frequently  find  him  leaving  our  institutions 
with  no  definite  aim  in  life,  with  few  ideas  of  what  he  can  do 
or  would  like  to  do,  and  with  no  realization  of  the  great  oppor- 
tunities in  the  various  branches  of  industrial  work.  Often  times 
the  same  is  true  of  his  college  course  and  he  spends  time  and 
money  in  preparing  for  work  for  which  he  is  not  fitted  either 
physically  or  mentally.  In  order  to  help  the  boy  in  selecting 
his  future  work  we  should  open  his  eyes  to  our  industrial  proc- 
esses, point  out  to  him  the  need  of  technically  trained  men,  and 
show  him  how  the  welfare  of  the  community  is  coming  to  depend 
more  and  more  on  the  scientific  management  of  our  farms,  our 
factories,  and  other  branches  of  industry.  Then  will  we  find 
him  making  plans  for  the  part  he  is  to  play  in  the  industrial 
world. 

And  last  but  not  least  among  the  benefits  to  be  derived  from 
these  visits  is  the  establishing  of  more  intimate  relations  between 
the  student  and  the  teacher.  The  great  changes  in  our  social 
and  economic  conditions  have  eliminated  more  or  less  from  the 
child's  life  the  influence  of  the  home.  The  father  is  so  occupied 
with  his  business  affairs  that  he  has  no  time  to  establish  confi- 
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dential  relations  with  his  child.  Under  present  economic  condi- 
tions the  mother  too  frequently  is  forced  into  the  store  or  fac- 
tory not  only  to  provide  for  herself  and  family  but  also  to  enable 
a  class  of  so-called  mothers  to  spend  time  and  money  in  pro- 
moting social  functions  and  other  forms  of  amusement  charac- 
teristic of  the  idle  rich.  The  effect  in  either  case  is  the  same 
as  far  as  the  child  is  concerned,  so  that  during  the  critical  period 
of  adolescence  the  responsibility  for  the  child's  physical  and 
moral  development  as  well  as  his  mental  falls  on  the  teacher. 
And  what  do  we  too  often  find  in  our  schools  ?  A  corps  of  men 
and  women,  specialists  in  everything  except  just  plain  boys  and 
girls.  The  sciences,  languages,  mathematics,  all  taught  by  in- 
structors who  are  required  to  show  by  examinations  that  they 
are  qualified  to  teach  these  subjects,  while  the  greatest  subject  of 
all,  the  adolescent  child,  is  forgotten. 

Before  a  boy  or  girl  is  allowed  to  perform  a  difficult  or  dan- 
gerous experiment  in  the  laboratory,  we  explain  carefully  the 
reaction,  show  how  it  conforms  to  chemical  laws,  and  then  warn 
especially  against  the  dangers.  How  diflFerent  in  the  laboratory 
of  life !  Here  we  turn  loose  our  boys  and  girls  to  perform  ex- 
periments more  dangerous  than  the  preparation  of  a  powerful 
explosive  or  the  generation  of  a  noxious  gas,  experiments  that 
will  result  either  in  the  most  wonderful  thing  in  the  world,  a 
man  or  a  woman  made  in  the  image  of  God,  or  in  such  human 
wreckage  as  fills  our  hospitals  and  penal  institutions.  And  how 
is  the  child  prepared?  Not  a  word  of  warning  as  to  these  dan- 
gers, no  explicit  directions,  and  no  parent  or  teacher  intimate 
enough  with  the  child  to  offer  this  information  or  from  whom 
the  child  will  voluntarily  seek  this  information. 

To  the  instructor  in  chemistry  these  trips  offer  an  exceptional 
opportunity  to  break  down  the  restraint  and  reserve  that  too 
frequently  separate  pupil  and  teacher.  This  will  enable  the 
teacher  before  the  end  of  the  course  to  discuss  with  the  class 
the  sexual  question,  to  tell  them  about  the  nature  and  conse- 
quences of  venereal  diseases,  information  too  often  learned  in 
the  bitter  school  of  experience,  and  to  show  them  the  necessity 
of  learning  early  in  life  the  power  of  self-control.  The  teacher 
who  has  the  spirit  to  do  this  is  inspired  by  the  great  Teacher 
of  all  ages.  

Glue  for  Gluing  Leather  Articles. — ^To  ordinary  glue,  some  alum  is 
added.  The  glue  thereby  not  only  acquires  greater  capacity  for  resisting 
the  effects  of  moisture,  but  becomes  flexible  and  is  consequently  better 
adapted  for  gluing  saddlery  goods,  straps,  etc. — Ledertech,  Rundschau. 
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WHAT  SHALL  THE  SEOOin)  TEBM'S  WOBK  IN  HIGH  SCHOOL 
GEOGBAPHT  BE?' 

By  R.  H.  Whitbeck, 

Associate  Professor  of  Geography  and  Physiography  in  the 

University  of  Wisconsin, 

Editor  of  the  Journal  of  Geography. 

For  some  four  or  five  years  past,  it  has  been  evident  that  a 
change  must  be  made  in  high  school  geography  in  order  that 
it  may  meet  the  demands  of  school  men.  When  modem  physi- 
cal geography  was  given  a  place  in  the  high  school,  and  almost 
universally  was  made  the  introductory  science,  teachers  believed 
that  it  would  prove  to  be  an  efficient  agent  in  training  pupils  into 
scientific  habits  of  thought,  and  scientific  methods  of  work.  Con- 
siderable reliance  was  placed  upon  the  field  work  and  laboratory 
work  which,  it  was  expected,  would  be  organized  and  introduced 
as  an  essential  part  of  the  course. 

The  friends  of  physical  geography  have  always  maintained  that 
laboratory  and  field  work  are  just  as  essential  in  this  science  as 
in  physics,  chemistry,  or  biology.  As  a  matter  of  fact,  however, 
systematic  laboratory  and  field  work  has  never  reached  the  stage 
of  development  in  geography  that  it  has  reached  in  other  high 
school  sciences.  How  far  this  failure  accounts  for  the  dissatis- 
faction which  now  seems  to  exist  is  not  evident.  Doubtless,  how- 
ever, it  has  had  something  to  do  with  producing  this  feeling  of 
dissatisfaction.  At  any  rate,  one  finds  by  talking  with  high  school 
men  that  there  is  a  widespread  feeling  that,  as  a  first  year  science, 
physical  geography  has  not  met  expectations.  There  is  now  on 
foot  in  parts  of  the  country  a  movement  to  substitute  something 
else  for  it.  In  most  cases  a  combination  of  the  elements  of  several 
sciences,  which  is  termed  introductory  science,  is  recommended. 
In  a  considerable  number  of  schools  introductory  science  is  now 
being  tried.  This  experiment  has  not  advanced  far  enough  as 
yet  to  justify  definite  conclusions.  However,  one  who  has  sought 
to  find  the  cause  of  the  partial  failure  of  physical  geography  to 
meet  expectations  cannot  discover  that  there  is  any  probability 
that  introductory  science  will  escape  the  same  weaknesses  which 
have  unfavorably  affected  physical  geograjrfiy  teaching. 

From  all  parts  of  the  country  come  the  reports  that  physical 
geography  is  almost  universally  put  into  the  hands  of  the  teacher 

iRead  before  the  Barth  Science  Section  of  the  C.  A.  8.  &  M.  T..  I^ewis  Institute.  Dec. 
1, 1911. 
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whose  schedule  of  classes  permits  her  to  take  on  an  additional 
study.  It  is  not  common  for  the  high  school  principal  to  seek 
a  teacher  especially  prepared  for  physical  geography.  He  is  much 
more  likely  to  secure  a  teacher  who  is  prepared  in  physics  or 
in  botany,  or  in  history,  or  in  English,  and  then  if  she  has  a  vacant 
period,  assign  the  physical  geography  class  to  her.  I  have  made 
frequent  inquiry  of  people  familiar  with  school  practice  in  many 
parts  of  the  country,  and  I  find  that  this  is  common  almost  every- 
where. No  one  can  wonder  that  physical  geography  has  proved 
unsatisfactory  under  these  circumstances. 

The  question  now  arises.  Will  introductory  science  receive 
similar  treatment  at  the  hands  of  those  who  make  out  the  schedule 
of  classes  for  high  school  teachers?  There  is  no  reason  to  be- 
lieve that  it  will  not.  The  study  is  to  be  taught  to  first  year  stu- 
dents, the  youngest  in  the  school.  It  is  not  a  college  preparatory 
study.  It  is  not  a  direct  preparation  for  a  second  year  in  science.. 
All  of  which  considerations  will  make  introductory  science  a  con- 
venient study  to  assign  to  the  teacher  who  has  a  vacant  period. 
Is  it  likely  that  under  these  conditions  elementary  science  will 
succeed  any  better  than  physical  geography  has  done? 

I  have  no  objection  whatsoever  to  elementary  science  as  such. 
More  than  twenty  years  ago  when  I  was  a  student  in  a  normal 
school,  elementary  science  was  taught  in  that  school.  All  the 
students  in  that  school  were  required  to  take  it.  They  were  ad- 
vised to  teach  it  in  the  schools  which  they  entered,  and  it  was 
taught  in  many  schools.  It  was,  however,  abandoned  in  that 
normal  school  and  so  far  as  I  know  was  abandoned  in  the  high 
schools  into  which  it  entered.  So  far  as  the  schools  had  experi- 
ence with  this  subject,  the  experience  was  unfavorable.  It  is  one 
of  those  studies  which  when  talked  about  appear  to  be  very  de- 
sirable, and  to  have  high  possibilities,  but  when  actually  put  to 
trial  are  usually  found  to  be  disappointing. 

As  Professor  Salisbury  has  said,  introductory  science  under 
the  conditions  which  are  bound  to  surround  it,  seems  fore- 
doomed to  failure.  Many  of  us  remember  well  the  gjeat  ex- 
pectations that  were  aroused  by  the  advocates  of  nature  study 
in  the  elementary  schools.  I  suppose  almost  every  school  system 
in  the  United  States  looked  upon  nature  study  as  promising  splen- 
did things.  In  some  schools  those  expectations  were  realized.  In 
a  larger  number  of  schools  they  were  not  realized,  and  at  the 
present  time  one  hears  far  less  about  nature  study  than  he  heard 
a  few  years  ago.    Not  because  nature  study  is  an  undesirable 
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branch  of  education.  Ideally  it  is  most  desirable,  and  one  cannot 
help  feeling  that  it  ought  to  be  successful  in  operation,  and  yet 
most  of  us  have  found  that  it  was  disappointing.  It  has  been 
found  almost  impossible  to  find  teachers  who  were  sufl&ciently 
well  qualified  to  teach  nature  study  and  yet  who  were  not  faddists 
or  extremists — teachers  who,  while  having  the  necessary  faith 
in  nature  study,  were  not  over  zealous  and  expected  other  studies 
in  the  curriculum  to  yield  to  it 

It  is  probable,  however,  the  elementary  science  will  be  widely 
tried.  Articles  are  appearing  in  educational  periodicals  and  papers 
are  being  read  before  educational  gatherings,  pointing  out  the 
splendid  possibilities  of  this  new  study.  These  promises  are 
alluring.  One  cannot  read  a  skillfully  written  paper  or  hear  an 
enthusiastic  address  without  feeling  that  if  the  right  teacher  could 
be  secured,  introductory  science  would  be  a  distinct  and  valuable 
contribution  to  the  high  school  course.  My  skepticism  is  based 
not  upon  what  introductory  science  ideally  is  capable  of  being, 
but  upon  what  the  experience  of  the  schools  has  shown  intro- 
ductory science  is  likely  to  be. 

If  all  that  I  have  said  were  granted,  it  still  would  not  be  proved 
that  physical  geography  ought  to  be  retained  in  the  high  school 
course.  Physical  geography  must  stand  upon  its  own  merits.  If 
it  has  not  contributed  as  much  in  the  way  of  training  and  prac- 
tical information  as  a  study  ought  to  contribute,  then  physical 
geography  must  be  modified  or  must  give  place  to  some  other 
study.  I  believe  that  most  of  its  friends  are  willing  to  concede 
that  the  study  must  be  modified  if  it  meets  the  reasonable  demands 
which  are  now  imposed  upon  any  study  in  the  high  school.  For 
the  high  school  course  is  more  than  crowded.  So  many  studies 
are  being  urged,  and  our  complex  life  seems  to  demand  such  a 
variety  of  studies,  that  any  branch  which  cannot  justify  its  place 
in  the  curriculum  must  g^ve  way. 

During  the  last  few  years  the  demands  made  by  the  friends  of 
vocational  training  have  been  very  insistent.  One  group  of  peo- 
ple is  urging  that  agriculture  be  taught  in  the  high  schools.  An- 
other group  that  domestic  science  be  given  more  time.  A  third 
group  that  manual  training  should  be  a  required  study  in  a  part 
or  all  of  the  years  of  the  high  school.  Still  others  urge  the  value 
of  business  and  commercial  courses.  All  of  these  studies  are 
capable  of  vigorous  defense.  All  of  them  promise  definite  and 
valuable  training,  and  their  claims  cannot  be  dismissed.  Physical 
geography  is  about  the  only  study  in  the  first  year  of  the  high 
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school  that  can  be  conveniently  eliminated.  English  must  be  re- 
tained. Most  people  believe  that  algebra  must  be  retained.  Many 
would  not  consent  to  seeing  history  taken  out  of  the  course.  If 
the  student  is  to  continue  the  study  of  Latin,  he  must  begin  it  in 
the  first  year  of  the  high  school.  Thus  it  comes  about  that  in 
the  pressure  which  is  being  brought  to  bear,  physical  geography 
is  the  study  which  is  most  likely  to  be  compelled  to  yield,  and 
unless  it  can  be  shown  that  it  is  capable  of  giving  the  pupil  more 
valuable  knowledge  or  more  effective  training  than  any  of  these 
other  studies  which  are  seeking  to  displace  it,  then  physical  geog- 
raphy will  be  displaced  as  the  privileged  first  year  science. 

One  who  has  listened  to  the  arguments  presented  by  the  N.  E, 
A.  Committee  or  by  the  Committee  of  the  Association  of  Ameri- 
can Geographers,  which,  two  or  three  years  ago  reported  upon 
high  school  geography,  discovers  that  there  is  general  agreement 
on  the  part  of  members  of  these  two  committees  that  geography 
needs  humanizing.  There  seems  to  be  more  than  usual  agreement 
among  all  who  have  written  or  spoken  upon  the  subject  that  too 
much  time  has  been.given  to  the  description  and  the  classification 
of  land  forms,  to  the  description,  for  example,  of  unusual  types 
of  rivers,  such  as  consequent  and  antecedent  and  engrafted  and 
dismembered  rivers,  too  much  time  to  strained  classifications 
such  as  are  found  in  one  text-book  which  describes  eight  kinds 
of  lakes,  or  another  which  describes  eight  or  nine  kinds  of 
plains. 

Physical  geography  is,  after  all,  a  relatively  young  science.  It 
has  been  easy  to  determine  its  center,  but  impossible  to  locate  its 
circumference.  Furthermore,  since  college  men  have  largely 
governed  the  content  of  high  school  physical  geography,  there  has 
been  a  tendency  to  introduce  into  it  much  that  really  belongs 
in  the  college  course.  At  the  present  time,  almost  every  text- 
book which  was  actually  written  for  high  school  use,  is  used  in 
colleges.  In  the  University  of  Wisconsin,  we  are  carrying  on 
three  courses  in  physical  geography  and  in  each  one  of  these 
courses  the  text-book  used  was  written  by  a  college  man  for  high 
schools,  but  we  find  these  books  suited  to  our  needs  in  the  univer- 
sity. Manifestly,  there  is  need  of  a  closer  discrimination  between 
the  facts  of  elementary  physical  geography  and  the  facts  of  ad- 
vanced physical  geography,  and  it  ought  not  be  difficult  to  agree 
upon  the  major  portion  of  the  facts  which  ought  to  be  left  for 
college  study,  if  they  are  to  be  studied  at  all.  School  men  who 
have  expressed  themselves  upon  the  subject  are  generally  agreed 
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that  many  of  the  facts  which  deal  solely  with  the  physical  phases 
of  geography  may  be  omitted  in  order  that  room  may  be  made 
for  facts  that  are  highly  valuable  but  which  are  not  strictly  a 
part  of  physical  geography.  They  are  rather  a  part  of  either  com- 
mercial geography  or  industrial  geography,  or  political  geogra- 
phy, or  some  other  phase  of  geography  which  deals  with  man's 
activities  and  interests. 

At  the  present  time,  everyone  who  is  engaged  in  teaching 
pupils  who  come  from  the  high  schools  realizes  how  woefully 
lacking  these  pupils  are  in  a  knowledge  of  the  elementary  facts 
of  general  geography.  It  is  a  common  thing  for  us  to  find  in 
our  freshmen  classes  that  from  one  third  to  one  half  of  the  stu- 
dents cannot  tell  even  in  what  country  great  rivers  like  the  Volga, 
or  Ganges,  or  Rhine,  or  Orinoco  are  found.  It  is  not  uncommon 
to  find  college  pupils  who  know  little  about  the  leading  industries 
of  a  great  country  like  Germany  or  France;  who  cannot  locate 
such  cities  as  Buenos  Aires  or  Calcutta,  or  Moscow  or  Madrid, 
or  Edinburgh ;  who  even  regard  Portugal  as  a  city ;  who  cannot 
tell  the  difference  between  latitude  and  longitude ;  who  have  not, 
apparently,  any  conception  of  the  causes  which  produce  our 
change  of  seasons.  I  have  made  it  a  practice  in  recent  years 
to  give  to  our  classes  in  college  geography  tests  in  these  ele- 
mentary phases  of  the  study,  trying  always  to  ask  perfectly 
reasonable  questions,  questions  which  my  colleagues  in  other 
departments  of  the  university  have  recognized  as  a  reasonable 
expectation  from  any  educated  person,  and  yet  we  find  that  these 
pupils  make  a  sad  showing. 

I  do  not  speak  of  this  in  criticism  of  the  teaching  which  is 
done  in  the  grammar  school.  From  a  considerable  number  of 
years  of  close  contact  with  grammar  school  work  I  am  persuaded 
that  the  geography  teaching  in  the  grammar  schools  is  as  well 
done  as  it  is  in  the  high  schools  or  the  university.  In  my  judg- 
ment the  fault  lies  in  our  practice  of  considering  that  because 
these  phases  of  geography  were  taught  in  the  grammar  school, 
they  will  be  understood  and  permanently  retained,  while  experi- 
ence shows  over  and  over  again  that  they  are  not  well  understood 
and  are  not  retained,  and  that  we  cannot  proceed  on  the  assump- 
tion that  pupils  do  understand  these  common  facts  of  geography. 
Now,  if  years  of  observation  in  many  normal  schools  and  col- 
•  leges  show  that  those  phases  of  geography  which  people  most 
need  are  not  generally  understood  by  high  school  or  college 
students,  then  it  seems  sensible  that  we  should  recognize  the  situ- 


Digitized  by  LjOOQIC 


SECOND  JERM  IN  GEOGRAPHY  393 

ation  as  it  is  and  proceed  accordingly,  and  not  close  our  eyes  to 
the  facts  and  say:  "I  know  the  students  don't  know  these  facts, 
but  they  ought  to,  therefore- it  is  not  my  business  to  teach  them." 
It  is  difficult  to  see  how  we  can  justify  ourselves  in  any  such 
course.  The  fact  is,  that  some  universities  are  now  giving  courses 
whose  content,  to  a  considerable  extent,  is  simply  a  maturer  study 
of  the  facts  usually  taught  in  the  grammar  school,  but  frequently 
not  understood  when  taught,  and  because  not  understood,  are 
not  retained.  And  unless  those  facts  are  elaborated  and  impressed 
in  later  years,  the  pupil  goes  out  from  his  school  life  with  a 
meager  fund  of  geographical  knowledge. 

In  deciding,  therefore,  what  ought  to  be  the  content  of  high 
school  geography,  we  must  be  governed  by  two  considerations; 
first,  the  educational  needs  of  the  pupil,  and  second,  the  practical 
needs  of  the  pupil.  By  educational  needs  I  refer  to  the  need  of 
intellectual  training,  sometimes  called  mental  discipline.  By  prac- 
tical needs  I  refer  to  the  needs  which  every  intelligent  person  has 
for  a  fund  of  knowledge  about  the  world  in  which  he  lives  and 
which  it  is  the  province  of  geography  to  teach.  No  one  who 
knows  the  actual  working  of  physical  geography  in  most  high 
schools  will  claim  for  a  moment  that  this  study,  as  it  is  taught, 
possesses  any  particular  disciplinary  value.  If  taught  as  we  all 
think  it  ought  to  be  taught,  it  would  possess  disciplinary  value, 
but  IS  years  of  effort  to  have  it  so  taught  have  not  resulted 
in  any  satisfactory  outcome,  and  while  some  of  us  have  been 
trying  to  teach  physical  geography  for  its  disciplinary  value,  we 
have  been  neglecting  those  phases  of  the  study  which  are  of 
greater  usefulness.  It  is  apparently  clear  that  the  efforts  to  make 
physical  geography  in  high  schools  a  highly  disciplinary  study 
are  nearly  a  failure.  The  course  left  open  for  us  is,  therefore, 
to  recognize  high  school  geography  as  a  study  capable  of  giving 
the  pupil  a  knowledge  of  many  things  about  the  world  in  which 
he  lives,  things  which  every  educated  person  is  expected  to  know 
and  would  be  glad  to  know.  Knowledge  about  the  great  nations 
of  the  earth;  the  nations  which  are  directing  the  affairs  of  the 
world,  as  Germany,  England,  France,  Japan,  United  States. 
Every  person  would  be  glad  to  have  a  fuller  knowledge  of  the 
resources  and  possibilities  of  Argentina,  Brazil,  China,  South 
Africa,  and  Canada.  These  countries  are  not  at  the  present 
time  in  the  front  rank,  but  they  are  rising  to  importance.  They 
are  taking  a  part  in  the  world's  active  doings.  We  have  got  to 
reckon  with  them  in  the  future. 
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This  is  an  age  of  commerce  and  of  industry.  The  foremost 
aim  of  the  leading  nations  of  the  world,  aside  from  maintaining 
their  own  political  integrity,  is  to  expand  their  trade  with  foreign 
nations.  The  great  competition  between  Germany,  Great  Britain^ 
and  ourselves  is  trade  competition.  Nations  are  extending  their 
territory  in  order  that  they  may  extend  their-  commerce  and  give 
fuller  employment  to  their  own  people  at  home  in  manufacturing 
the  goods  which  they  sell. 

The  contest  between  Russia  and  Japan,  the  aggressions  of 
Russia  in  Asia,  the  ambitions  of  Germany,  our  own  ambitions,, 
are  all  closely  related  to  commerce  and  to  other  economic  con- 
siderations. Large  numbers  of  men  are  needed  for  our  consular 
service,  large  numbers  for  the  government  service,  and  large 
numbers  of  men  are  needed  in  business,  men  who  are  capable  of 
appreciating  the  geographical  factors  in  the  economic  problems 
of  the  day;  and  all  international  problems  have  to  a  greater  or 
less  extent  a  geographic  basis.  It  is  the  province  of  geography 
to  introduce  pupils  to  these  problems,  and  to  teach  them  some- 
thing of  the  geographic  foundation  upon  which  these  economic 
problems  rest.  High  school  geography  cannot  delve  deeply  into 
such  matters.  It  can,  however,  do  something  toward  introducing 
young  people  to  these  problems  and  it  can  give  them  a  basis  of 
intelligence  for  thinking  about  them  in  the  future. 

If  what  I  have  said  is  true — and  it  seems  to  me  that  it  is  true — 
geography  in  the  high  school  must  be  given  a  somewhat  differ- 
ent character  from  that  which,  in  the  majority  of  cases,  it  now 
has.  There  is  no  reason  why  physical  geography  of  both  the 
elementary  and  advanced  type  should  not  be  taught.  There  is 
no  reason  why  those  who  desire  to  have  a  detailed  knowledge 
of  land  forms  and  of  physiographic  processes  should  not  have  an 
opportunity  to  receive  instruction  in  those  phases  of  the  study. 
Perhaps  physical  geography  ought  to  be  offered  as  an  elective 
in  the  upper  years  of  the  high  school,  as  it  was  recommended 
that  it  should  be  by  the  Committee  of  Ten  in  1893. 

Unquestionably  courses  in  pure  physical  geography  ought  ta 
be  given  in  the  colleges,  but  responsibility  does  not  end  there. 
There  is  another  phase  of  geography  which  has  as  great  possibil- 
ities of  training  and  greater  possibilities  of  usefulness,  and  those 
are  the  phases  of  geography  which  may  be  broadly  classed  as 
economic.  The  appreciation  of  the  economic  phases  of  geogra- 
phy rests  upon  a  knowledge  of  the  main  principles  of  physical 
geography,  and  I  believe  no  one  would  advocate  a  course  in 
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geography  which  was  not  based  upon  a  study  of  the  fundamental 
principles  of  physical  geography.  That  the  instruction  should  be 
continued  on  into  the  economic  phase  does  not  seem  doubtful. 
Studies  were  justified  in  the  past  solely  upon  the  basis  of  their 
disciplinary  value.  Studies  at  the  present  time  cannot  be  so 
justified.  The  ideals  of  our  age,  whether  rightly  or  wrongly, 
have  undergone  a  change,  and  everywhere  intelligent  men  and 
women  are  demanding  that  education  shall  make  for  efficiency; 
that  scholarship  is  not  the  only  purpose  of  education;  and 
that  scholarship  and  efficiency  are  not  synonymous.  Every- 
where people  are  saying  that  our  school  instruction  must  better 
equip  young  men  and  women  for  taking  a  place  in  the  world's 
affairs,  and  that  the  8  to  12  years  of  instruction  which  they  have 
received  in  the  public  schools  shall  go  farther  than  it  has  gone 
in  fitting  these  young  people  to  do  efficient  service  in  the  world 
of  men;  that  their  education  shall  not  be  such  that  it  must  be 
begun  anew  when  the  pupil  enters  some  active  calling  in  life,  but 
that  he  shall  find  that  a  considerable  proportion  of  what  he  has 
learned  in  the  schools  is  useful  to  him  in  his  later  life. 

I  recognize  that  many  people  do  not  believe  in  this  doctrine. 
Unquestionably  the  unlimited  acceptance  of  this  doctrine  will 
lead  us  astray.  Perhaps  the  present  tendency  of  education  is 
too  strongly  toward  the  utilitarian.  But  the  way  to  meet  the 
present  situation  is  not  to  insist  rigidly  upon  old  standards  of 
education  and  not  to  oppose  unqualifiedly  the  new  ideals.  Our 
education  is  undoubtedly  to-day  going  too  rapidly  toward  the 
vocational  and  utilitarian  side.  Undoubtedly,  we  are  likely  to 
be  swept  from  safe  moorings,  but  the  way  to  prevent  that  is  not 
to  oppose  all  change,  but  to  seek  to  hold  fast  to  that  which  is 
good  in  the  old,  and  to  reach  out  for  the  best  in  the  new. 

If  it  is  true  that  the  demands  of  our  age  call  for  young  men 
who  have  been  trained  to  think  upon  some  of  the  problems  which 
an  industrial  and  commercial  age  imposes,  if  the  lifework  of  a 
large  proportion  of  our  educated  young  people  is  to  bring  them 
in  contact  with  economic  problems,  then  it  is  the  province  of 
geography  to  give  some  emphasis  to  the  economic  phases  of  the 
study.  It  cannot  be  said  that  commercial  geography  as  it  is  gen- 
erally presented,  is  thoroughly  satisfactory.  It  is  a  little  too 
much  like  Homer's  catalogue  of  the  ships.  Doubtless  too  many 
details  are  introduced.  But  granting  all  this,  it  still  seems  that 
what  the  second  half  year  of  the  high  school  course  in  geogra- 
phy needs  is  a  well-balanced,  well-worked  out  study  of  the  ele- 
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mentary  side  of  economic  geography ;  not  necessarily  commercial 
geography  alone.  At  the  present  time  writers  of  text-books  and 
publishers  hesitate  to  call  a  text-book  an  economic  geography. 
We  shall  soon  cease  to  fear  that  word.  Commercial  geography 
is  now  a  more  popular  term.  The  fact  is  that  modem  demands 
require  that  a  well-educated  person  shall  know  more  about  the 
geography  of  industry,  of  agriculture,^  and  of  trade,  than  the 
ordinary  courses  in  high  school  geography  give.  The  pupils  need 
to  know  more  about  the  resources  of  their  own  country  and  of 
other  leading  countries  than  they  now  know.  Pupils  need  to 
know  more  about  the  location  of  great  productive  areas  of  the 
world,  and  reasons  why  certain  things  are  produced  in  these 
regions;  more  about  the  climatic  basis  and  physiographic  basis 
which  underlie  industries. 

Furthermore,  it  seems  to  me  that  the  course  in  economic  geog- 
raphy should  be  purposely  shaped  to  meet  the  probably  future 
needs  of  the  pupils.  In  rural  high  schools,  where  it  is  likely 
that  a  majority  of  the  pupils  will  live  on  farms  or  among  farms, 
agricultural  geography  ought  to  receive  a  considerable  emphasis 
and  it  seems  to  me  that  someone  would  perform  a  distinct  serv- 
ice who  would  write  a  physical  geography  with  a  strong  agricul- 
tural trend ;  in  other  words,  an  agricultural  physical  geography. 
I  further  believe  that  someone  would  perform  a  distinct  service 
who  would  write  a  text-book  in  which  economic  geography  shall 
be  closely  linked  up  with  the  fundamental  principles  of  physical 
geography,  including  climatology. 

I  do  not  believe  that  the  same  course  ought  to  be  given  to 
pupils  in  the  cities,  many  of  whom  will  never  be  agriculturists,  as 
should  be  g^ven  to  pupils  most  of  whom  will  be  agriculturists 
or  will  live  in  agricultural  communities. 

My  present  feeling  is  that  there  is  a  need  of  two  distinct  types 
of  geography  for  the  second  half  year  of  the  study.  The  first 
part  we  are  agreed  should  include  the  fundamentals  of  physical 
geography.  The  second  part  should  be,  in  one  case,  closely  re- 
lated to  the  subjects  of  agriculture  and  agricultural  economics. 
The  other  should  be  closely  related  to  the  economics  of  trade 
and  production.  In  both  these  courses  locational  geography, 
through  the  study  of  maps,  should  be  emphasized,  and  in  both, 
laboratory  work  and  field  work  should  be  encouraged,  though  it 
does  not  seem  hopeful  that  any  great  amount  of  field  work  will 
be  accomplished.  There  should  be  a  consistent  aim  on  the  part 
of  teachers  of  these  new  courses  to  equip  pupils  with  a  knowl- 
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edge  of  the  countries  and  peoples  and  cities  of  the  world,  and  to 
give  them  a  more  definite  knowledge  of  where  these  nations  and 
peoples  and  cities  are. 

In  conclusion,  my  plea  is  for  a  half  year  of  physical  geography 
from  which  the  more  technical  and  specialized  details  are  elim- 
inated, and  into  which  more  of  the  hiuman  relationships  are  in- 
troduced— a  second  half  year  of  geography  based  largely  upon 
the  probable  needs  of  the  pupils  who  are  taught,  with  a  strong 
economic  flavor  in  either  case,  with  a  systematic  study  of  maps, 
a  constant  reading  of  supplementary  articles  which  keep  the 
pupils  in  touch  with  the  current  affairs  of  the  world.  Such  a 
course  will  not  be  any  less  disciplinary  than  the  present  physical 
geography,  and  it  ought  to  be  of  more  practical  value.  I  believe 
that  by  such  a  modification  of  the  course  in  geography,  we  shall 
be  able  to  place  in  the  high  school  curriculum  a  study  which  all 
people  recognize  as  highly  desirable  but  which  in  its  physical 
phase  alone  can  never  prove  fully  satisfactory  in  an  age  dom- 
inated bv  economic  ideals. 


A  REVISED  EXPLANATION  OF  THE  ACTION  OF  THE  SIPHON. 

By  Albert  E.  Hennings. 

The  explanations  of  the  action  of  the  siphon  offered  in  many 
of  the  text-books  of  physics  prove  to  be  either  confusing  or 
faulty  when  closely  examined.  An  outline  of  two  current  ex- 
planations will  serve 
as  a  basis  for  com- 
ment and  comparison. 
If  P  represents  the 
atmospheric  pressure, 
then,  according  to  the 
course  of  reasoning 
in  the  one  case,  the 
upward  pressure  at  a 
(Fig.  I)  is  P  —  ab; 
that  at  /  is  P  —  df. 
The  former  is  the 
greater  by  ef  which  is 
a  measure  of  the  force 
upon  which  the  flow 
depends.  In  the  sec- 
ond   instance,    condi- 
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tions  are  considered  at  the  point  c.  It  is  assumed  that  the  pres- 
sure toward  the  right  is  P  —  ab,  and  toward  the  left,  P  —  df, 
giving  ef  as  a  resultant  force  to  the  right. 

Now  the  conclusion  reached  in  each  case,  vis.,  that  the  "driving 
force"  is  ef,  the  difference  between  the  lengths  of  the  arms  of 
the  siphon,  is  not  questioned  by  anyone,  but  it  is  confusing  to 
speak  of  upward,  or  downward,  pressure,  and  manifestly  in- 
correct to  speak  of  a  difference  of  pressure  at  a  point,  when  one 
is  dealing  with  a  liquid. 

To  avoid  this  confusion  and  to  make  the  argument  sound,  con- 
sider the  siphon  at  rest  with  the  orifice  at  /  closed.  Then  the 
pressure  at  a  is  P ;  at  c,  P  —  ab;  at  f,  (P  —  ab)  -|-  d/  or  P  -f-  ef. 
It  is  this  state  of  affairs  which  sets  the  siphon  going  when  the 
pressure  applied  at  the  orifice  is  released.  The  eflFective  driving 
force  is  indeed  ef  as  before,  bu^  the  absolute  values  of  the  two 
forces  of  which  this  is  the  difference  are  not  in  agreement' with 
those  assumed  in  the  two  arguments  cited.  Nor  is  there  any 
question  as  to  which  of  the  three  is  to  be  preferred,  for  certainly 
there  is  no  difference  of  pressure  at  c,  and  the  pressure  at  /  is 
unmistakably  greater  than  that  of  the  atmosphere. 

That  the  above  analysis  is  absolutely  sound  may  be  convinc- 
ingly established  through  the  consideration  of  a  simple  case  of 
hydrostatic  pressure.  (Fig.  2.)  The  driving  force  is  obviously  ac. 
It  is  the  difference  between  the  pressures  at  a  and  c,  the  values  of 
which  are  respectively  P  and  P  -\-  (ab  -\-  be).  It  would  be  ab- 
surd to  say  that  the  pressure  at  c  is  P. 


GOAL  MAP  OF  THE  T7NITEB  STATES. 

A  special  and  valuable  feature  of  the  report  on  the  production  of  coal 
in  1910,  issued  by  the  United  States  Geological  Survey,  is  a  series  of  maps 
showing  the  known  coal  fields  of  the  United  States.  These  maps  are 
printed  on  a  scale  of  about  forty  miles  to  the  inch,  and  if  pieced  together 
would  make  a  map  the  size  of  a  large  six-foot  wall  map  issued  by  the 
Survey.  The  various  classes  of  coal  areas  are  indicated  by  a  variety  of 
colors.  The  coal  fields  are  shown  to  have  a  wide  range,  both  as  to 
character  of  coal — ^there  being  half  a  dozen  grades  from  anthracite  to 
lignite — and  as  to  present  knowledge  concerning  the  deposits,  ranging  all 
the  way  from  the  results  of  detailed  surveys  on  which  an  almost  exact 
estimate  of  tonnage  can  be  based  to  the  very  general  information  that  the 
area  is  underlain  with  coal-bearing  rocks  which  probably  contain  coal 
that  may  or  may  not  be  found  at  minable  depth.  All  this  information  is 
portrayed  on  the  maps  by  colors  or  symbols. 

The  maps  show  the  county  subdivisions  in  the  several  states  and  are 
therefore  the  most  exact  coal  maps  yet  issued.  Geologic  work  by  the 
Survey  in  the  coal  fields  is  in  constant  progress,  however,  especially  in  the 
public-land  states,  so  that  even  these  maps  are  admitted  to  be  imperfect, 
in  the  light  of  new  information  continually  acquired. 
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THE  TEST  OF  EFFIOIENOT  IN  TEAOmNG  PHYSIOS.^ 

By  W.  C  Bagley, 
University  of  Illinois. 

It  is  impossible  to  touch  the  problem  of  determining  teaching 
efficiency  in  any  field  without  first  providing  an  answer,  satis- 
factory to  ourselves  at  least,  for  a  preliminary  question — namely, 
the  question  of  function:  What  are  the  possible  and  desirable 
outcomes  of  teaching  in  this  particular  field?  It  seems  to  be 
peculiarly  difficult  to  answer  this  preliminary  question  satisfac- 
torily for  any  single  subject  that  is  taught  in  our  schools  and 
colleges.  The  problem  of  educational  values  is  not  only  the 
most  important  problem  in  education;  it  is  also  the  thorniest 
problem.  It  offers  unlimited  opportunities  for  speculation;  un- 
limited opportunities  for  dogmatizing;  unlimited  opportunities 
for  differences  of  opinion  and  "very  few  opportunities  for  any- 
thing in  the  way  of  really  constructive  thinking — for  to  think 
constructively  one  must  have  facts  and  principles  at  one's  com- 
mand, and  of  real  facts  and  valid  principles  there  is  still  a  sad 
dearth  in  what  we  like  to  call  the  science  of  education. 

The  natural  result  of  this  condition  is  an  almost  appalling  lack 
of  agreement  among  educators  regarding  both  the  possible  out- 
comes and  the  desirable  outcomes  of  teaching  any  subject.  Phys- 
ics is  no  exception  to  this  rule,  as  is  abundantly  testified  by  the 
very  interesting  symposium  on  the  aim  of  teaching  physics  which 
was  published  a  few  years  ago  in  the  official  journal  of  this  as- 
sociation. One  man  states  vehemently  that  the  primary  purpose 
of  instruction  in  physics  is  mental  discipline;  another  is  equally 
certain  that  physical  laws  must  be  so  imparted  to  the  pupil  that 
he  can  recall  them  and  apply  them  to  the  situations  that  will 
confront  him  later  in  life ;  still  another  asserts  that  the,  explana- 
tion of  natural  phenomena  is  self-justified  and  that  the  teacher 
may  be  satisfied  if  his  pupils  understand  certain  factors  that 
would  otherwise  mystify  and  puzzle  them ;  and  there  is  at  least 
one  contributor  to  the  symposium  in  question  who  would  throw 
all  discussion  of  ultimate  outcomes  to  the  four  winds  and  rest 
content  with  the  simple  and  seemingly  satisfactory  statement  that 
the  aim  of  teaching  physics  is  to  teach  physics. 

The  last-named  attitude  toward  the  problem  has  much  to  com- 
mend it,  for  whatever  ultimate  outcomes  one  may  desire,  one 
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must  admit  that  a  knowledge  of  the  subject  is  a  fundamental  con- 
dition of  their  attainment.  The  student  of  education,  however, 
cannot  rest  content  with  this  simple  statement  of  aim.  He  must 
recognize  that  it  formulates  the  conditions  under  which  the  first 
steps  must  be  taken,  but  he  must  also  remember  that  a  mastery 
of  the  facts  and  principles  that  any  science  presents  is  not  a 
guarantee  that  the  educational  value  of  the  science  has  been  ade- 
quately realized.  What,  after  all,  do  we  mean  by  "knowing  phys- 
ics"? How  much  of  the  body  of  knowledge  that  physics  compre- 
hends must  one  have  mastered  in  order  to  "know  physics"  ?  For 
how  long  a  time  must  these  facts  and  principles  persist  in  one's 
mind  in  order  to  entitle  one  to  the  distinction  of  "knowing  phys- 
ics"? If  you  think  that  simply  stating  the  aim  in  this  way  is 
an  obvious  and  simple  way  out  of  the  problem  of  educational 
values,  you  might  try  to  answer  a  few  of  these  questions.  The 
very  first  question — ^what  elements  out  of  the  total  body  of  phys- 
ical knowledge  should  we  g^ve  in  the  high  school  course? — in- 
volves one  at  the  outset  in  the  question  of  ultimate  outcomes.  It 
means  that  one  is  making  a  selection ;  and  an  intelligent  selection 
involves  some  principle  of  selection — some  norm  or  standard; 
and  here  you  are  right  in  the  midst  of  the  problem  of  values,  and 
you  must  have  your  theory  of  values.  And  if  you  are  confronted 
with  one  of  the  very  few  undisputed  assertions  in  educational 
science,  namely,  that  the  average  student  in  the  high  school  will 
inevitably  forget  a  large  number  of  the  facts  and  principles  that 
we  teach  him,  you  are  almost  certain  to  justify  your  teaching  by 
asserting  that  the  training  in  thinking  that  he  obtains  will  stick 
anyway,  even  if  the  details  are  forgotten;  or  you  will  say  that 
having  cleared  up  some  puzzling  natural  phenomena  may  enable 
him  to  live  more  happily  and  more  comfortably  even  if  he  for- 
gets precisely  how  they  were  explained.  You  are  perhaps  justi- 
fied in  making  these  assumptions ;  their  validity  is  not  the  point 
at  issue  just  now.  I  am  simply  asserting  that  the  question  of 
ultimate  outcomes  is  bound  to  present  itself,  and  that  the  effi- 
ciency of  one's  teaching  can  in  the  end  be  measured  only  by  de- 
termining how  far  these  ultimate  outcomes  have  been  realized. 

The  difficulty  that  confronts  us  in  measuring  the  outcomes  of 
teaching  lies  chiefly  in  the  fact  that  we  tend  to  formulate  these 
outcomes  in  psychological  terms — in  terms  that  represent  sub- 
jective states  or  processes  rather  than  objective  conditions.  A 
measurement  to  be  useful  must  be  objective,  and  the  only  way  out 
of  our  difficulty  is  to  translate  these  subjective  factors  into  an 
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objective  form.  The  psycholc^  of  to-day  is  attempting  to  do 
this.  The  science  of  mind  is  becoming  transformed  into  the 
science  of  behavior — ^the  science  of  conduct.  This  point  of  view 
promises  to  be  most  helpful  to  the  cause  of  education  for  it  sug- 
gests a  set  of  objective  standards  which  we  may  be  able  to  con- 
struct and  to  apply  to  the  problem  of  determining  the  efficiency 
of  our  work. 

Let  us  consider  for  a  few  moments  the  possibilities  of  this  sug- 
gestion in  the  teaching  of  physics.  We  shall  assume  that  the  justi- 
fication for  the  teaching  of  physics  in  the  high  school  lies  in  the 
fact  that  the  study  of  this  subject  may  influence  the  conduct  of 
our  pupils  in  the  direction  of  greater  efficiency.  What,  then,  are 
some  of  the  factors  controlling  human  conduct  that  the  study  of 
physics  may  leave  with  our  pupils  ?  Can  we  catalogue  these  con- 
trols so  that  we  may  test  our  teaching  by  determining  in  how  far 
objective  conduct  or  behavior  indicates  the  presence  of  these  sub- 
jective factors  that  we  are  attempting  to  develop  ? 

The  one  certain,  direct,  and  unquestioned  method  of  modifying 
the  conduct  of  our  students  is  to  develop  specific  habits — immedi- 
ate and  automatic  reactions  that  will  occur  inevitably  when  the 
proper  conditions  are  present  as  a  stimulus.  The  trouble  here 
lies  in  the  fact  that,  however  well  we  may  develop  these  specific 
habits  in  the  school,  they  may  fail  to  function  later  because  some 
unique  factor  which  set  them  off  in  the  school  does  not  make  its 
appearance  in  the  situations  of  later  life.  A  high  school  princi- 
pal complained  to  me  the  other  day  that,  while  his  pupils  habitu- 
ally did  neat,  well-organized  notebook  work  for  one  of  his  science 
teachers,  they  did  slovenly,  careless,  unorganized  work  for  another. 
In  this  case  the  habits  failed  to  "transfer"  from  one  laboratory  to 
another.  In  essence,  this  is  the  crux  of  the  problem  of  formal 
discipline.  Specific  training  very  often  fails  to  "spread;"  it  is 
generally  recognized  that  it  will  spread  under  certain  conditions, 
but  how  to  fulfill  these  conditions  is  a  practical  problem  that 
causes  us  no  end  of  difficulty. 

It  still  remains  true,  however,  that,  irrespective  of  the  possibil- 
ity of  transfer,  certain  automatic  bases  must  be  laid  in  every  sub- 
ject that  is  taught  if  any  valuable  outcome  whatsoever  is  to  be 
realized.  The  glaring  defect  of  present-day  tendencies  in  educa- 
tional'theory  is  the  disposition  to  minimize  the  importance  of  that 
patient,  repetitive  procedure  which  is  absolutely  essential  to  any 
outcome  that  is  worth  while.  Certain  associations  must  be  made 
so  thoroughly  automatic  that  they  will  be  just  as  inevitable  as  the 
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fundamental  tables  of  arithmetic.  It  takes  time  and  effort  to  do 
this;  in  many  cases,  there  must  be  something  that  smacks  of 
drudgery — ^and  against  drudgery  in  any  form,  modem  educational 
theory  and  practice,  in  America  at  least,  reacts  negatively  and  em- 
phatically. 

To  aid  the  young  teacher  (and  the  great  mass  of  our  high 
school  teachers  are  young  women  and  young  men  themselves  just 
out  of  college)  it  would  be  well  to  prepare  for  each  subject  a 
standard  list  of  the  important  specific  habits  that  must  form  the 
automatic  bases  upon  which  any  real  progress  in  the  further  study 
of  the  subject  must  rest.  If  such  lists  were  constructed  coopera- 
tively by  men  of  recognized  authority,  they  would,  I  believe,  be 
of  inestimable  service  to  the  beginning  teacher.  They  would  give 
him  a  set  of  standards  by  means  of  which  to  measure  one  im- 
portant phase  of  his  teaching.  We  have  an  approach  to  this  in 
the  syllabi  that  have  been  constructed  by  various  bodies  of  teach- 
ers, but  what  I  am  urging  is  something  more  specific  and  detailed 
than  these.  It  is  a  list  of  the  fundamental  habit-factors — ^the 
formulae  that  must  not  only  be  understood  and  rationally  derived, 
but  also  fixed  permanently  so  that  they  will  be  expressed  just  as 
automatically  as  the  multiplication  tables;  the  specific  habits  of 
skill  in  the  manipulation  of  laboratory  apparatus  that  are  funda- 
mental to  all  future  laboratory  work  and  which  should  conse- 
quently be  fixed  permanently  at  the  earliest  possible  moment ;  the 
basic  definitions  that  need  to  be  memorized  if  you  can  get  anyone 
to  admit  to-day  that  memorizing  definitions  is  an  essential  step  in 
the  mastery  of  a  science.  I  speak  here  as  a  la)rman  in  the  teach- 
ing of  physics — as  a  "rank  outsider"  in  fact.  But  perhaps  even  a 
"rank  outsider"  has  a  right  to  testify  that  he  cannot  depend  upon 
the  knowledge  that  we  presuppose  every  high  school  graduate  to 
possess  from  that  very  fact  that  he  has  taken  a  high  school  course. 
The  preparation  is  untrustworthy  because,  while  the  knowledge 
has  been  imparted  in  the  high  school,  fundamental  habit-bases 
ave  not  been  laid.  To  take  an  illustration  from  another  subject ; 
I  gave  to  a  university  class  a  few  days  ago  a  list  of  important 
dates  in  American  history,  asking  them  to  tell  me  what  events 
were  associated  with  the  dates.  I  found  only  one  date  that  was 
accurately  and  unerringly  associated  with  its  important  event  by 
every  member  of  the  class,  and  that  was  1492.  Sixteen  per  cent 
of  my  university  juniors  and  seniors  were  uncertain  as  to  what 
happened  in  1776;  seventy- four  per  cent  did  not  have  the  year 
1789  connected  with  anything  that  was  significant  to  our  national 
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development ;  ninety  per  cent  were  ignorant  as  to  the  meaning  of 
the  year  1783.  I  instance  this  merely  as  an  illustration  of  the  lack 
of  these  automatic  bases.  I  took  up  the  matter  with  one  of  my 
colleagues  who  is  a  recc^^ized  authority  in  the  field  of  American 
history.  His  own  experience  has  been  similar.  He  told  me  he 
could  not  in  his  university  classes  safely  assume  that  the  students 
coming  to  him  had  any  dependable  knowledge  of  the  subject. 
Now  dependable  knowledge  is  knowledge  that  has  a  good  firm 
foundation  in  fundamental  habits,  and  it  is  in  laying  these  founda- 
tions that  the  teaching  in  our  American  elementary  and  high 
schools  is  notoriously  weak.  The  prime  cause  of  this  weakness, 
I  believe,  is  the  uniform  youth  and  inexperience  of  the  great  mass 
of  our  teachers  in  the  lower  schools.  They  do  not  know  what  to 
emphasize;  where  to  put  on  the  pressure;  how  to  separate  the 
fundamental  from  the  accessory ;  how  to  distinguish  between  the 
immediate  rational  understanding  of  a  principle  and  the  firm  fix- 
ing of  that  principle  so  that  it  may  be  of  permanent  service.  Lists 
of  standard  habits  if  carefully  prepared  by  experts  in  the  field 
would  be  of  great  value  to  these  young  teachers. 

Care  must  be  taken,  of  course,  that  the  beginning  teachers  have 
a  clear  perspective,  or  we  shall  run  the  serious  risk  of  a  return  to 
the  reign  of  formalism  and  memoriter  work  which  characterized 
the  schools  of  another  generation.  But  this  factor  could,  I  am 
sure,  be  safeguarded.  And  just  now  in  American  education  we 
need  a  renascence  of  thoroughgoing  drill  and  discipline.  The 
movement  has  already  been  initiated  in  the  elementary  school.  The 
laying  of  automatic  bases  in  language,  in  number,  in  writing,  and 
in  spelling  has  recently  assumed  a  new  importance.  Not  only 
are  effective  drill  methods  being  developed,  but  standards  are 
being  carefully  and  painstakingly  worked  out.  We  already  have 
a  very  satisfactory  set  of  standards  for  penmanship,  so  con- 
structed that  the  fifth  grade  teacher  or  the  sixth  grade  teacher 
may,  for  example,  take  a  set  of  her  pupils*  papers  and  evaluate 
definitely,  by  comparison  with  the  standards,  the  progress  that  the 
pupils  have  made  under  her  instruction.  A  similar  set  of  stand- 
ards IS  being  prepared  for  composition.  I  am  convinced  that  the 
general  principle  is  applicable  to  every  subject  that  is  taught ;  for, 
whatever  may  be  the  ultimate  outcome  of  the  teaching,  it  is  clear 
to  all  that  certain  fundamental  bases  must  be  laid  and  that  the 
efficiency  of  the  teacher  can  be  measured  in  part  by  his  success 
in  laying  these  bases  adequately. 

I  should  not  have  it  thought,  however,  that  the  task  of  evalu- 
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ating  the  results  of  our  work  in  respect  of  the  indirect  and  remote 
and  ultimate  outcome  is  entirely  hopeless.  From  your  laboratory 
work  in  physics  you  doubtless  wish,  not  only  to  fix  physical  laws 
more  tenaciously  in  the  minds  of  your  students,  but  also  to  leave 
with  them  a  working  conception  of  the  method  that  physical 
science  has  developed  to  discover  and  test  these  laws.  You  hope 
that  they  will  think  more  clearly  for  having  had  the  discipline  of 
this  laboratory  experience — ^that  they  will  be  better  able  to  draw 
correct  conclusions  from  whatever  data  are  involved  in  other 
problems  that  they  face.  On  the  surface,  it  seems  difficult  to 
devise  a  test  that  will  determine  in  how  far  our  efforts  toward 
this  end  have  been  effective.  And  yet,  if  our  teaching  has  really 
hit  the  mark,  the  results  ought  to  show  somewhere;  it  ought  to 
be  possible  to  bring  our  students  face  to  face  with  typical  situa- 
tions, differing  in  some  respect  from  those  that  the  laboratory 
work  involves ;  it  ought  to  be  possible  to  determine  whether  the 
method  that  we  have  been  impressing  is  really  applied  in  a  way 
which  shows  that  it  has  been  definitely  grasped  and  adequately  ap- 
preciated. A  friend  of  mine  who  teaches  one  of  the  laboratory 
sciences  in  a  secondary  school  devised  a  test  of  this  sort.  He  sim- 
ply took  a  set  of  conditions  constituting  an  entirely  new  problem 
that  might  be  profitably  attacked  by  the  exact  methods  of  science. 
He  brought  his  students  face  to  face  with  this  problem  and  asked 
them  to  write  down  the  steps  that  they  would  take  to  solve  it. 
He  had  divided  his  class  into  two  sections  and  he  had  taught  the 
two  sections  during  the  term  by  different  methods. 

He  found  that  one  section  did  attack  the  test  problem  more  in- 
telligently than  the  other ;  in  short,  he  found  that  one  group  of 
his  students  had  a  better  working  control  of  the  scientific  method 
than  the  other  had ;  and  the  fact  that  both  sections  were  approxi- 
mately equal  in  other  respects  led  him  to  infer  that  his  teaching 
might  have  been  a  factor  in  the  development  of  this  control.  Had 
he  given  both  sections  a  similar  test  before  beginning  his  term's 
work  and  compared  the  results  of  this  preliminary  test  with  the 
final  results,  his  conclusions,  of  course,  would  have  been  more 
valuable  and  if  he  had  further  subjected  two  other  similar  groups 
of  students  to  the  same  initial  and  final  tests  without  giving  them 
the  intermediate  training,  whatever  conclusions  he  reached  would 
have  been  even  more  suggestive.  But  the  point  is  simply  this; 
one  may  devise  tests  that  will  measure  so  seemingly  elusive  a 
factor  as  the  control  which  one's  students  have  gained  over  a 
general  method  of  procedure.    The  measurement  will  give  only 
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approximate  results,  and  investigation  in  the  field  of  education 
must  be  continued  for  a  long  time  before  we  can  hope  to  develop 
our  procedure  to  a  point  where  it  is  safe  to  generalize.  But  all 
of  the  sciences  have  been  evolved  through  a  similarly  slow  and 
laborious  and  patient  process. 

Tests  of  this  type  or  of  any  t)rpe  probably  that  finite  mind  can 
devise,  must  always  leave  a  margin  of  unmeasured  and  perhaps 
unmeasurable  factors.  That  one  can  think  better  is,  of  course, 
no  guarantee  that  one  will  think  better  in  any  particular  instance. 
Whether  our  teaching  of  physics  has  given  our  students  an  initial 
command  of  the  procedure  of  science  may  be  determined  by  some 
such  means  as  I  have  suggested;  but  whether  the  procedure  has 
not  only  been  abstracted  from  the  matrix  of  details  in  which  the 
student  first  finds  it  enmeshed — ^has  not  only  been  lifted  to  the 
plane  of  general  concept  of  procedure — ^but  has  ^Iso  been  idealized 
as  a  worthy  procedure  to  follow  and  made  a  dynamic  element  in 
his  mental  equipment,  this  is  to  be  tested  only  by  his  later  conduct 
in  life. 

It  is,  of  course,  the  emotional  and  inspirational  factors  that 
really  give  life,  vitality,  and  dynamic  value  to  any  really  effective 
teaching  that  we  do — even  in  the  field  of  sciences  so  objective,  so 
rigidly  intellectual  and  seemingly  nonemotional  as  physics  and 
mathematics.  The  spirit  of  science  which  quickens  and  vitalizes 
its  method  is  something  that  must  be  caught — it  cannot  be  taught. 
And  yet  the  thing  that  should  be  caught  depends,  after  all  has 
been  said,  upon  this  thorough  basis  of  specific  habit  that  can  be 
accurately  measured,  and  upon  a  working  grasp  of  method  as 
method  and  here  the  strength  of  our  students'  grip  can  be  at  least 

roughly  determined.       

DEVELOPMENT  OF  FRAIL  OHILDBEN. 
In  a  paper  containing  the  results  of  a  careful  study  of  109  children 
ranging  from  birth  to  thirteen  years  of  age,  Dr.  Richard  B.  Smith  of 
Grand  Rapids,  Mich.,  concludes  in  a  recent  issue  of  The  Journal  of  the 
American  Medical  Association,  that  the  frail  child  presents  the  following 
fundamental  characteristics:  Frailness,  lack  of  fat,  slendemess  of  mus- 
cle, lack  of  vigor  in  body  development.  The  muscular  insufficiencies  of 
later  life  in  frail  women  are  common  in  frail  children.  The  lessened 
ability  of  such  a  woman  to  fulfill  the  duties  imposed  on  her,  the  limi- 
tations placed  on  her  by  her  lack  of  vigor  and  the  unhappiness  which 
such  women  in  a  state  of  fatigue  endure  are  serious  matters  with  her. 
More  might  be  done  in  the  way  of  prevention.  The  frail  child  should 
be  -more  clearly  recognized  and  its  tendencies  more  intelligently  fought 
In  a  large  number  of  instances  it  is  possible  to  maintain  a  fair  state  of 
nutrition  in  such  children  and  to  direct  them  to  a  more  vigorous  woman- 
hood. When  such  is  uniformly  done,  it  will  do  away,  to  a  certain  extent, 
with  the  neurotic  women  who  form  such  a  problem  in  everyday  practice 
and  in  almost  every  specialty. 


Digitized  by  LjOOQIC 


406  SCHOOL  SCIENCE  AND  MATHEMATICS 

EFFIOnSNOY  m  QEOMETBY  TSAOHING.^ 

A  Stndy— An  Experiment — A  Result. 

By  Byron  Cosby,  A.M., 
State  Normal  School,  Kirksville,  Mo. 

One  of  the  recent  questions  in  education  deals  with  efficiency 
in  the  secondary  schools.  The  question  is  of  vital  importance  to 
everyone,  but  to  no  class  is  it  more  pertinent  than  to  the  high 
school  teacher  of  mathematics.  Mathematics  has  held  an  impor- 
tant place  in  the  courses  of  study  in  the  past  because  of  the  sup- 
posed value  it  gives  in  formal  discipline.  This  idea  now  chal- 
lenged, together  with  other  causes  has  brought  about  the  violent 
agitation  of  the  question  of  how  to  present  high  school  mathe- 
matics, the  arrangement,  the  amount  and  the  kind  for  each  grade, 
in  order  to  meet  effectively  the  needs  of  the  citizen  of  to-day. 
For  this  purpose  improved  texts  have  been  published,  new  mate- 
rial presented  in  the  elementary  school  and  in  the  high  school, 
mathematical  associations  organized  and  committees  appointed. 
Yet  in  spite  of  these  forces  and  many  others,  the  teaching  of  high 
school  mathematics  has  not  yet  reached  its  maximum  efficiency. 
In  order  to  reach  a  higher  degree  of  efficiency  in  the  teaching  of 
geometry  the  following  study  was  made  and  a  few  conclusions 
drawn. 

The  underlying  principles  of  any  subject  must  be  understood. 
Geometry,  a  study  founded  upon  definitions,  axioms,  postulates, 
problems,  or  theorems  has  too  often  been  presented  to  the  pupil 
as  a  medley  of  unreasonable,  trying  situations  that  have  nothing  to 
do  with  life.  The  assumptions  laid  down  in  geometry  may  mean 
and  quite  often  do  mean  anything  that  the  user  sees  fit  to  decide 
upon.  This  gives  wide  latitude  to  the  teacher  in  the  selection  and 
arrangement  of  working  material,  but  too  many  have  failed  to  see 
their  opportunity.  The  tendency  of  the  past  few  years  seems  to 
have  been  to  get  away  from  the  pure  Euclidean  idea  and  back  to 
the  fundamental  beginnings.  This  tendency  to  change  has  been  at- 
tended, as  all  changes  are,  by  much  waste.  The  text-book 
writers  who  have  favored  a  change  have  held  back  because  they 
knew  that  a  book  that  was  too  radical  would  not  be  used,  and 
teachers  who  were  anxious  for  a  change  were  held  in  abeyance 
to  custom  by  fear.  Some  of  the  writers  in  their  eagerness  for 
a  change  have  confused  themselves  by  attempting  correlation 


iReftd  before  the  mathcniatics  section  of  the  Miisonri  8Ute  Teachers*  AtsocUtion  at 
Hannibal.  Nov.  10. 1911. 
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with  physics*,  astronomy  and  other  subjects.  Others  have  tried 
the  heuristic*  plan,  and  others  the  plan  of  induction,*  while  others, 
each  in  his  own  way,  have  advocated  a  geometry  that  was  more 
concrete,  practical,  inventional,"  and  empirical* 

My  thesis  is  that  geometry  teaching  in  order  to  reach  its  highest 
efficiency  is  neither  to  make  a  geometry  of  "real"  or  concrete 
problems  nor  one  of  the  purely  demonstrational  type ;  but  rather 
a  presentation  of  geometrical  principles  in  a  concrete  way  at  first 
followed  by  the  logical,  demonstrational  type.  There  is  no  need 
of  purely  utilitarian  problems  nor  purely  cultural  problems. 
Whatever  is  utilitarian  is  cultural  and  whatever  is  cultural  is 
utilitarian.  An  education  that  is  complete  is  one  that  educates 
vocationally  and  liberally.  The  only  reason  for  the  present 
division  existing  is  that  our  ideas  are  so  faultily  worked  out  that 
we  are  not  able  to  see  the  coordination  of  the  two.  At  an  early 
age  a  child  is  able  to  build  block  houses  and  to  work  with  mate- 
rial that  has  surface,  length,  breadth,  and  depth ;  he  sees  triangles, 
squares,  and  circles.  In  the  third  and  fourth  grades  the  home 
geography  with  its  directions  and  location  employs  many  of  the 
elementary  principles  of  geometry.  In  his  map  making  he  uses 
cross-section  paper,  with  the  cross  roads  as  his  coordinate  axes ;  or 
if  in  the  city  he  uses  the  main  streets.  The  work  is  continued  in 
geography  with  respect  to  latitude  and  longitude  where  the 
equator  and  prime  meridian  are  the  axes.  In  many  of  the  rural 
localities  the  polar  coordinates  are  the  basis  of  location  work, 
especially  in  directing  from  one  place  to  another.  Nor  is  geog- 
raphy the  only  field ;  the  work  in  agriculture  calls  for  platting  of 
ground  either  for  decorative  or  practical  purposes,  and  also  for 
architectual  forms  that  are  so  in  evidence  about  any  farm. 

The  problem  of  the  township  with  its  townships  and  range 
lines,  together  with  the  section  gives  a  better  idea  of  surface  in 
square  units  than  can  ever  be  obtained  from  a  study  of  ordinary 
geometry  in  that  the  area  of  a  rectangle  is  the  product  of  the 
length  by  the  altitude  in  terms  of  a  unit  square.  Again  in  games 
and  play,  as  baseball  with  its  diamond,  tennis  with  its  court,  foot- 
ball with  its  field,  and  many  others  that  call  for  angles,  straight 
lines,  area  and  other  geometrical  forms.  Nor  is  this  all  since  the 
child  must  learn  in  farm  accounts  or  commercial  activities  that 


*nes.  My  CloM  in  Geomefry. 

^Hopkins.  Plane  Geometry. 

^Sander*.  Plane  Geometry.    Shutts.  Plane  Geometry. 

'Spencer,  Inventlonal  Geometry. 

•Warren,  Experimental  and  Theoretical  Geometry. 
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he  must  make  computations  based  upon  data  that  has  been  secured 
in  topographical  leveling,  soil  surveying,  excavations,  drainage 
ditching,  grades  for  streets  and  subsequent  platting. 

A  great  many  of  the  elementary  principles  of  constructional 
geometry  can  easily  be  given  in  mechanical  drawing  in  the 
eighth  grade.  And  there  is  no  reason  why  the  child  should  not 
be  taught  to  draw  to  scale  some  measurements  of  his  own 
made  in  the  school  yard  or  surrounding  country.  Practical 
problems  that  one  can  use  in  geometry  are  continually  coming  up. 
The  engineer  has  to  deal  with  questions  of  force  and  motion, 
strength  of  materials,  the  architecture  of  houses  and  bridges, 
and  similar  problems.  The  farmer,  the  carpenter,  the  mason, 
and  all  other  artisans,  are  confronted  with  problems  each  in  his 
own  field.  And  these  activities  are  so  interwoven  that  it  is 
impossible  to  understand  clearly  one  unless  scwnething  is  known 
about  several. 

The  child  as  well  as  the  teacher  should  know  the  objective 
point,  and  the  material  with  which  he  is  to  work  to  arrive  at 
that  point.  The  pupil  should  always  understand  why  he  selects 
a  certain  process.  In  material  construction  the  boy  is  taught 
why  he  uses  the  try-square  at  one  time,  and  the  T-square  at 
another  time.  In  the  construction  of  a  house  the  boy  can  see 
the  advancement  made  in  the  building,  and  why  at  one  time 
certain  scaffolding  is  needed  and  at  another  time  something  else ; 
and  in  the  same  way  he  should  see  how  he  builds  his  geometry. 
If  he  knows  the  purpose  he  stands  a  chance  of  becoming  a  dis- 
coverer. "The  pupil  must  know  from  the  beginning  what  is 
aimed  at,  if  he  is  to  display  and  employ  his  own  strength  in  the 
effort  of  learning;  and  he  will  employ  it  provided  he  knows 
definitely  what  is  to  be  reached.  To  lead  him  unconsciously  by 
question  and  task  whose  purpose  he  does  not  clearly  see,  has 
the  disadvantage  that  neither  a  free  rising  mental  activity  nor 
a  clear  internally  connected  insight  takes  place."^  This  means 
that  the  child  should  see  some  reason  for  the  assigned  task. 

Neither  should  beginners  be  limited  by  restrictions.  Their 
life  and  experiences  have  convinced  them  that  certain  statements 
are  or  are  not  valid.  It  is  bewildering  to  them  to  be  required 
to  prove  a  statement  by  means  of  other  statements  that  they 
have  not  experienced,  and  to  be  careful  not  to  let  intuition  and 
forrrier  experiences  enter  into  the  proof  in  the  slightest  degree. 


7a.  I«.  Baker,  Purposive  Geometry,  School  Scibhcb  and  Matbsmatics.  1906,  p.  SU. 
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The  teacher  must  ever  bear  in  mind  that  not  only  is  the  subject 
new,  but  that  the  activity  is  new.  The  proof  that  right  angles  are 
equal  is  foolish  to  the  wideawake  boy  of  fourteen  who  has 
worked  with  a  carpenter's  square.  Again,  the  teacher  should 
make  use  of  the  biological  experiences  that  are  worth  while,  and 
the  high  school  age  is  the  age  at  which  every  boy  and  girl  likes 
to  be  doing  something. 

The  work  should  be  grouped  about  types.  This  is  easily  done 
throughout  the  grades.  A  text  is  usually  an  economical  tool 
for  the  assignment  of  certain  problem  material.  The  mathemati- 
cal facts  should  be  exemplified  in  the  practical  world.  Model 
making,  another  form  of  paper  folding,  is  worth  consideration, 
if  we  actually  construct  instead  of  merely  supposing.  "In* 
mensurational  geometry  the  balance  may  be  used  to  advantage 
if  one  is  .  careful  to  use  homogeneous  material,  and  squared 
paper  finds  a  use  in  determining  laws  of  area.  Drawing  to  scale, 
a  practical  problem  that  confronts  the  contractor  and  builder, 
measurement  of  inaccessible  distances,  a  study  of  parallelogram 
of  forces,  inclined  plane,  or  images  in  a  plane  mirror,  together 
with  the  elements  of  surveying,  are  some  of  the  features  of 
the  new  geometry."  Actual  constructions  in  the  manual  training 
department  will  mean  more  than  any  drawing  that  is  copied  from 
a  picture.  A  visit  to  a  building  to  study  architectural  form 
not  only  adds  an  interest  but  "develops  the  sense  of  the  beautiful 
in  geometrical  construction  and  a  love  for  symmetry."  Girls  find 
equally  as  much  interest  in  arrangement  of  house  furnishings,  de- 
signs of  wall  paper,  window  and  mural  decorations.  All  of 
this  stirs  up  an  interest  and  a  love  for  the  subject,  and  the  scope 
of  geometry  is  widened.  If  from  time  to  time  brief  historical 
data  is  given  it  adds  human  interest. 

"For*  a  class  just  entering  geometry  a  small  equipment  of 
ruler,  compasses,  scissors,  drawing  board,  protractor,  parallel 
ruler,  squared  paper,  T-square  and  a  triangle  of  60  and  of  30 
degrees  with  a  right  angle  should  be  provided  for  each  pupil. 
In  addition  there  should  be  accessible  to  the  pupil  at  all  times 
prisms,  pyramids,  cylinders,  cones,  drawing  instruments,  paste- 
board for  construction,  sand  for  testing  capacity,  a  trip  balance, 
and  anything  else  that  would  be  of  value  locally,  or  that  might 
be  a  help  to  the  child  to  associate  the  new  idea  with  his  former 
experiences." 


8j.  C.  Packard.  Co-ordinntiun  of  Mathematics  and  Phyaics.  School  Review.  190S,  r.  791. 
•j.  C.  Packard,  Co-ordination  of  Mathematics  and  Physics.  School  Review,  1903,  r.  798. 
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Coordination  has  a  place  if  rightly  presented.  The  work  in 
crystallography,  optics,  and  botany  have  elements  in  commcMi 
with  geometry.  And  other  branches  of  geometry,  as  perspec- 
tive drawing,  may  furnish  material  for  the  introduction  to  solid 
geometry.  The  work  to  most  pupik  can  be  made  real  and  human 
interest  aroused  with  problems  from  the  activities  that  they  are 
acquainted  with  and  are  interested  in.  Types  of  local  influence 
are  Pleasant  Hill,  Mo.,  with  its  vast  greenhouse  interests,  and 
Deepwater,  Mo.,  with  its  great  tile  industry. 

Believing  thoroughly  that  the  plan  discussed  above  had  virtue 
in  it  and  that  it  would  develop  accuracy  in  conception,  accuracy 
in  expression,  accuracy  in  manipulation,  economy  in  thought  de- 
velopment, and  an  easy  means  of  fixing  the  idea  in  the  child's 
mind,  some  of  the  things  desired  in  geometry  teaching,  an  actual 
trial  of  the  plan  was  carried  out. 

The  work  began  with  the  simplest  fact  that  had  already  been 
made  the  property  of  each  child.  No  time  was  wasted  in  at- 
tempting to  define  terms  the  meaning  of  which  was  already  more 
definite  than  any  definition  could  make  it.  As  the  definition  of 
a  straight  line  in  the  books  is  confusing  and  the  child's  idea  is 
clear,  at  least  to  him,  there  is  no  need  of  confusing  the  child 
by  destroying  his  conception-  and  implanting  another.  Nor  did 
we  think  it  worth  while  to  accept  such  definitions  as  "An  axiom 
is  a  truth  assumed  as  self-evident,"  as  the  same  truth  is  not 
self-evident  to  all  minds,  and  again  some  of  these  "self-evident" 
truths  are  not  necessarily  true  at  all  times.  Nor  did  we  prohibit 
a  child  from  making  use  of  things  that  he  already  knew.  Folding 
paper  gave  an  idea  of  a  straight  line.  A  walk  gave  opportunity 
for  the  observance  of  straight  lines ;  the  boundary  of  the  school 
yard,  right  angles ;  the  walks,  of  parallel  lines ;  the  angles  of  the 
yard,  perpendicular  lines  and  various  other  ideas.  The  measure- 
ments made  were  drawn  to  scale  on  coordinate  paper.  Ratio 
of  lengths  were  determined  by  the  diagonal  scale  and  dividers; 
this  gave  the  right  conception,  taught  observation,  developed 
an  interest,  and  applied  truth  in  an  usable  way.  In  addition,  the 
child  was  not  discouraged  by  rigidity  or  a  confusion  of  unin- 
telligible words.  The  balance  and  coordinate  paper  were  used 
for  determining  laws  of  area.  The  problems  selected  were  prac- 
tical for  the  particular  neighborhood  in  which  the  work  was 
oflFered.  No  problem  was  admitted  simply  because  it  might  meet 
the  needs  of  some  technical  artisan  or  college  entrance  require- 
menfS,  but  simple  problems  in  sidewalk  construction,  making  of 
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road  drags,  cutting  of  handkerchief  squares,  and  so  on.  The 
problems  were  short  and  definite.  Problem  material  was  easily 
found  in  mechanical  drawing,  in  elementary  physics,  in  construc- 
tion of  buildings,  graphs,  and  machinery  in  motion.  The  motor 
belt  easily  shows  the  common  tangents,  either  internal  or  external. 
Graphical  representation  of  statistics,  location  problems,  com- 
mon forms  of  symmetry  with  simple  objects  as  the  capital  Latin 
letters,  problems  in  crystallography,  as  the  hexagonal  snowflake, 
botany  with  the  radial  arrangement,  optics  with  the  equal  angles 
of  incidence  and  reflection,  or  the  angles  of  refraction,  survey- 
ing, and  common  problems  of  domestic  science,  furnish  a  sugges- 
tion as  to  the  source  of  the  problem  material.  In  addition,  prob- 
lems were  found  in  carpentry,  manual  training,  laboratory, 
masonry,  blacksmithing,  transportation,  newspaper  offices,  and  the 
other  activities  of  the  town.  We  had  to  make  the  problems 
short,  simple,  and  definite,  because  the  average  high  school  pupil 
is  not  willing  to  spend  several  hours  upon  a  problem  that  is  long, 
indefinite  or  tedious  in  detail.  He  is  not  sufficiently  developed 
to  analyze  a  problem  that  is  indefinite  or  meager  in  hypothesis. 

All  problems  that  presented  themselves  were  not  adapted  to 
our  particular  high  school,  as  some  were  too  complex,  some  too 
indefinite  and  some  called  for  material  that  was  not  easily  asso- 
ciated with  the  child's  experience.    These  problems  were  omitted. 

The  collection  of  problem  material  was  carried  on  by  teacher 
and  pupil  with  as  little  reference  to  text-book  as  possible.  In 
fact,  problems  from  the  text  were  discouraged.  There  was  a 
tendency  at  first  for  the  pupil  to  model  his  problem  after  some 
problem  that  he  had  found  in  a  book,  but  this  tendency  soon 
disappeared  when  he  found  that  such  problems  would  not  be 
accepted.  The  material  was  collected  in  as  natural  manner  as 
possible,  and  in  the  ordinary  affairs  of  life.  The  pupil  in  a 
short  time  became  actively  energetic  in  the  seeking  of  problem 
material  and  found  problems  where  he  had  no  thought  that  a 
problem  could  exist.  He  soon  came  to  use  his  tools  of  geometric 
principles,  which  were  presented  as  the  need  demanded,  as 
readily  as  one  of  the  German  pupils  used  his  German  vocabulary 
and  more  naturally.  After  a  problem  had  been  discovered, 
studied  in  the  light  of  previous  experience,  and  geometric  princi- 
ples applied,  the  pupil  was  urged  to  formulate  the  problem  in  as 
general  manner  as  possible. 

The  pupil  was  encouraged  to  select  his  material  from  actual 
life,  and  from  his  own  life,  not  someone  else's.    A  book  problem 
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was  used  only  in  a  suggestive  way,  or  to  supplement  some  other 
problem  material  that  was  inaccessible  to  the  pupil.  Part  of 
the  book  material  as  well  as  part  of  the  other  material  gathered 
was  unsuited  to  the  idea  in  mind.  In  order  for  the  boy  or  girl 
to  appreciate  the  fact  that  there  is  a  problem,  something  must  be 
known  about  the  situation  that  makes  up  the  problem.  If  the 
pupil  could  not  appreciate  a  problem  suggested  by  another,  and 
there  seemed  to  be  a  need  for  that  particular  situation,  an  at- 
tempt was  made  to  interest  him  in  the  material  leaving  him  to 
invent  the  problem,  rather  than  attempting  an  explanation  of  the 
"why"  or  the  "wherefore"  of  the  question. 

As  an  example  of  the  above  difficulty  a  construction  problem  in 
engineering,  while  appealing  to  the  ordinary  boy  sometimes 
lacked  interest  to  the  girl,  because  she  knew  nothing  about  the 
problem  or  its  conditions,  or  had  no  intere^*  in  knowing.  It  was 
possible  to  interest  her  by  a  field  or  factory  excursion  or  by  ex- 
perimentation, or  by  showing  her  that  this  at  least  added,  to  her 
cultural  knowledge,  if  she  had  no  practical  need.  Or  again  she 
might  have  been  interested  by  showing  her  the  relation  of  the 
problem  to  wall  paper  designing,  or  the  s)rmmetrical  idea  of  in- 
terior decoration  or  arrangement  of  a  home.  Even  if  this  did 
not  arouse  an  interest  and  an  activity  the  engineering  material  of 
the  boy  was  more  real  and  held  out  to  her  greater  possibility  in 
conception  than  the  abstract  enigma  found  in  the  text,  for  she 
had  a  chance  to  try  and  find  out,  dealing  with  something  that  she 
could  measure  and  verify. 

In  the  work  no  attempt  was  made  to  make  the  theoretical  sub- 
servient to  the  practical,  but  rather  that  the  pupil  could  be  led  to 
see  an  association  between  his  acquired  knowledge  and  what  he 
was  gaining.  This  kept  ever  before  the  pupil  the  "worth  while" 
of  the  subject.  After  a  thorough  leading  up  to  the  subject  the 
theoretical  problems  with  all  the  original  exercises  that  time  per- 
mitted were  solved  with  all  the  rigor  that  Halsted  would  insist 
upon.  This  last  feature  of  the  work  was  very  limited  on  account 
of  time. 

Some  Disadvantages  of  the  Method. 

1.  The  problems  overlap  each  other  in  material,  thus  destroy- 
ing an  economic  principle  unless  extreme  care  is  used.  This  ob- 
jection would  in  the  course  of  a  few  years  be  removed  as  the  plan 
developed. 

2.  Differences  in  need  and  experience  of  individuals  make 
mass  teaching  difficult. 
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3.  There  is  great  dfficulty  in  creating  a  reconstructed  en- 
vironment in  the  school. 

4.  The  teachers  that  are  employed  at  the  present  are  not 
efficient ;  are  not  acquainted  with  the  subject-matter ;  do  not  know 
how  to  formulate  problems  and  arrange  them  according  to  the 
ability  or  development  of  the  pupil. 

5.  Lack  of : 

a.     Strong  personality  of  the  teacher — enthusiasm. 

fc.  Familiarity  on  the  part  of  the  teacher  of  the  previous  train- 
ing of  the  pupil  in  method  and  subject-matter.  This  objection 
could  be  removed  by  a  reorganization  of  the  course  of  study  of  the 
elementary  school. 

c.  Familiarity  of  the  question  of  setting  problems. 

d.  Interest  on  the  part  of  the  teacher  for  the  subject. 

e.  Superintendent'  may  object  if  the  text  is  not  completed. 
/.     Meeting  college  entrance  requirements. 

(Personally  I  do  not  consider  the  last  two  objections  as  I  do- 
not  see  as  it  matters  whether  or  no  the  superintendent  approves ; 
and  there  is  no  reason  why  a  high  school  should  articulate  with 
any  particular  school.) 

Some  Advantages  of  the  Method. 

1.  The  pupil  works  with  a  known  purpose.  The  geometrical 
problems  growing  out  of  the  child's  experience  founded  as  they 
are  on  their  own  data,  are  worked  by  the  pupils  with  an  amount 
of  interest  not  to  say  eagerness  which  artificial  problems  can 
never  inspire. 

2.  The  pupil  works  because  he  needs  the  geometrical  princi- 
ples in  his  problems. 

3.  The  method  teaches  by  three  effective  ways : 

a.    The  child  seeks  and  finds  truth  largely  by  his  own  efforts; 
fc.     By  illustrating  truth  by  picture,  drawing,  and  concrete- 
object. 

c.    By  teaching  him  to  express  himself  in  his  own  way. 

4.  It  trains  in  organizing  ability — facts  must  be  organized  in 
sequence. 

5.  It  develops  originality  and  independence.^^  "It  helps  to* 
weigh  evidence,  draw  accurate  inferences,  make  fair  comparisons,,, 
invent  solutions,  and  form  judgments." 

6.  It  brings  the  home,  school,  mart,  and  farm  into  closer  re- 
lation and  gives  a  bond  of  common  sympathy. 


^^tliott.  Efficiency  in  Bducntion,  p.  18. 
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7.  Gives  life  and  vital  work — as  practical  utility  is  a  good 
basis  for  school  work. 

8.  The  material  and  method  follow  the  laws  of  mental  condi- 
tion as  a  result  of  growth. 

9.  A  definite  aim  or  problem  causes  the  pupil  to  center  his 
attention  on  some  main  idea,  and  thus  furnishes  him  a  proper 
motive  for  active  thinking.  It  makes  him  conscious  of  the  course 
he  is  to  pursue.  He  knows  definitely  what  he  is  to  accomplish. 
"A"  definite  aim  furnishes  a  motive  for  effort." 

10.  The  pupil,  not  the  subject-matter,  is  the  center  of  the  edu- 
cational process.  Instead  of  giving  the  pupil  some  logical  truths 
for  future  use,  or  future  forgetfulness,  it  makes  geometry  an 
instrument  in  the  process  of  living  in  the  present,  thus  giving  a 
more  useful  instrument  or  tool  for  future  use. 

11.  A  good  aim  becomes  a  standard  both  for  the  teacher  and 
the  pupil,  for  judging  the  value  of  facts.  The  pupil  is  in  a  situa- 
tion where  he  looks  for  the  significance  of  facts.  The  systematic 
application  of  the  psychological  factor  "suggestion"  strengthens 
the  interest  and  the  desire  to  know,  thus  making  the  work  easier 
for  teacher  and  pupil. 

12.  This  method  helps  to  solve  the  question  of  relative  values 
in  school  principles.  The  pupil  learns  to  use  his  mathematics.  He 
correlates  arithmetic,  algebra,  geometry,  physics,  mechanics,  and 
empirical  knowledge  in  a  way  that  convinces  him  that  there  may 
be  a  relation  between  school  life  and  life  outside  of  school.  The 
rigidity  of  the  solution  is  in  no  way  lessened  for  a  pupil  has  not 
proved  a  problem  nor  understood  it  until  he  has  assimilated  the 
facts  concerning  it. 

Some  Facts  That  Cannot  Be  Determined  in  One  School 
Year  in  One  School. 

-   I.    Determining  the  field  in  which  the  problems  are  best  suited 
to  the  interests  and  experiences  of  the  child. 

2.  Whether  interest  and  knowledge  of  the  boys  and  girls  in 
respect  to  problem  material  are  different,  and  if  so,  why. 

3.  How  much  supplementary  explanation  the  teacher  must 
.•give. 

Many  questions  arise  in  any  study  and  many  cannot  be  an- 
swered until  more  data  is  gathered.  One  asked  as  often  as  any 
other,  "Can  the  pupil  stand  the  examination?"  is  best  answered 
by  the  results  obtained.    The  sophomore  class  in  the  high  school 


"lIcMuiry.  The  Method  of  the  Redtatloii.  p.  113. 

Digitized  by  LjOOQ IC 


EFFICIENCY  IN  GEOMETRY  TEACHING  415 

was  divided  according  to  their  seats  in  a  study  hall,  one  section 
following  the  text  in  the  usual  manner,  the  other  section  the 
plan  discussed.  In  this  method  of  division  there  could  be  no 
evident  difference  in  the  equipment  of  the  pupils.  The  section 
that  followed  the  text  was  under  a  different  teacher,  but  one 
who  was  well  prepared  and  experienced.  Both  sections  belonged 
in  the  same  building.  The  average  standing  of  the  two  classes 
in  a  formal  geometrical  examination  did  not  differ  materially, 
while  on  an  examination  of  interpretation,  organization,  and  ar- 
rangement the  class  following  the  plan  discussed  averaged  nearly 
twelve  per  cent  above  the  other  section,  and  stated  their  ideas  in 
a  more  definite  and  economical  manner.  Enough  time  has  not 
elapsed  to  determine  whether  or  no  the  matter  is  better  retained. 

"We"  should  bear  in  mind  that  real  progress  should  not  be 
measured  by  the  ground  apparently  covered,  but  rather  by  what 
the  child  actually  gets  in  such  a  way  as  to  make  it  his  own." 
Probably  ninety  per  cent  of  the  work  learned  in  school  is  soon 
forgotten  because  the  child  has  never  learned  how  to  make  use 
of  the  material  gathered.  Would  it  not  be  better  to  learn  well 
the  part  that  is  covered  ?  The  facts  learned  in  school  are  not  the 
most  important  feature  of  the  work  but  it  is  the  attitude  of  the 
mind,  the  habits  of  study  that  the  student  forms  that  is  important. 
He  is  prepared  then  to  go  out  into  the  world  and  live  the  life  he 
has  formed  the  habit  of  living.  Any  serious  objection  to  the  plan 
that  may  be  considered,  must  first  be  preceded  by  a  consistent 
thorough  trial,  unbiased  and  unprejudiced. 

In  closing  it  is  not  out  of  place  to  state  that  in  a  brief  dis- 
cussion of  any  new  thing  many  loose  ends  appear.  They  can 
only  be  adjusted  as  the  new  activity  is  developed.  A  recast  of 
the  present  teacher  and  curricula,  a  not  impossible  thing,  to  the 
suggested  plan  will  bring  about  an  education  that  is  utilitarian 
and  cultural,  vocational  and  liberal,  and  that  is  the  meaning  of 
education  for  efficiency. 

UMcMurry.  Method  of  the  Recitation,  p.  160. 
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HOW  PLOT  WOBK  MAY  BE  MADE  OF  MOST  VALUE  TO  THE 

CLASSES. 

By  E.  B.  G)llett, 
Township  High  School,  DeKalb,  III 

In  this  paper  I  do  not  intend  to  set  stakes  along  a  path  that 
you  may  follow.  The  discussion  is  intended  to  be  simple.  It  is 
presented  by  one  who  has  been  working  along  this  line,  day  by 
day,  with  a  definite  Tiim  in  view. 

The  topic  deals  with,  "How  Plot  Work  May  Be  Made  of 
Most  Value  to  the  Classes."  The  writer  firmly  believes  that  the 
condition  of  the  plot  work  of  a  school  will  indicate  the  efficient 
service  of  the  agricultural  department  in  that  school.  Is  it  saying 
too  much  to  claim  that  the  success  of  agriculture  in  our  secondary 
schools  depends  on  first,  state  unity;  second,  outdoor  work?  Un- 
doubtedly it  is  becoming  a  serious  question  as  to  whether  agricul- 
ture shall  become  more  firmly  established  in  our  secondary  schools, 
or  slowly  decline.  Success  hinges  on  results,  and  the  writer  in- 
tends to  show  that  results  hinge  largely  on  plot  work.  More 
serviceable  the  plots,  better  the  results,  greater  the  success. 

Scores  of  schools  have  proven  that  agriculture  has  a  place 
in  the  curriculum.  Yet  some  of  our  number  gravely  doubt  it, 
considering  agriculture  yet  an  experiment. 

We,  here,  represent  the  people  who  are  clamoring  for  practical 
education.  Do  you  believe  we  can  have  practical  education  unless 
based  upon  practical  work?  We  must  not  get  away  from  theory, 
but  the  theoretical  should  supplement  and  strengthen  the  prac- 
tical. When  theory  ceases  to  work  through  practice  we  are 
making  a  miserable  fizzle  of  practical  education.  Plot  work  is  the 
foundation  upon  which  agriculture  stands  in  the  high  school 
curriculum,  and  the  comer  stone  in  practical  education.  The 
question  arises,  how  can  the  plot  work  be  made  of  most  value  to 
the  classes  ? 

We  feel  that  in  the  use  of  land  for  agricultural  purpose,  two 
lines  of  work  should  be  followed:  First,  that  of  the  experimental 
fields ;  a  line  of  work  having  but  little  place  in  the  high  school, 
where  investigation  and  experiments  are  carried  on  by  students 
taking  collegiate  courses.  Second,  demonstration  fields,  peculiarly 
adapted  to  our  secondary  schools,  where  the  plant  life,  and  the 
conditions  favorable  for  its  existence  can  be  demonstrated,  as 
well  as  definite  problems  worked  out. 
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At  DeKalb  these  demonstration  fields  are  carried  on,  primarily, 
for  the  students ;  secondarily  for  the  community.  To  be  of  most 
service,  we  strive  to  avoid  grandstand  plays,  lacking  in  educa- 
tional value ;  as  far  as  possible  let  the  facts  of  our  work  teach ; 
keepjthe  work  simple,  and  avoid  profound  reasons.  The  work 
is  most  successful  when  the  instructor,  long  before,  sees  the 
dozens  of  problems  that  arise,  which  will  insure  that  set  of  plots 
well  worth  undertaking. 

Endeavoring  to  keep  in  mind  the  above  fundamentals,  espe- 
cially, keeping  plots  the  central  figure,  letting  theory  supplement 
practice,  having  the  demonstrative  type  of  plots,  and  letting  facts 
teach,  we  have  built-up  three  divisions  of  plot  work,  first,  staple 
crops;  second,  forage  crops;  third,  orchard;  each  of  which  may 
be  discussed  under  a  separate  head. 

From  the  accompanying  chart  we  can  get  something  of  an 
idea  of  how  the  staple  crop  series  was  laid  out.  For  various 
reasons  we  decided  upon  plots  one  twentieth  of  an  acre  in  size, 
with  alleys  running  east  and  west  twelve  feet  wide,  with  those 
north  and  south  eight  feet  wide.  To  be  of  most  value  these 
plots  needed  to  be  permanently  located.  In  this  we  finally  hit 
upon  the  following  plan.  Fifteen  feet  beyond  the  outside  plots 
iron  stakes  were  driven  firmly  into  the  ground,  even  with  the 
end  of  each  series  of  plots.  A  strong  chain,  with  a  ring  at  each 
end,  which  would  reach  from  one  series  of  stakes  to  the  series 
across  the  plots,  227  feet,  was  purchased  and  marked  with  iron 
tags  where  the  corners  of  each  plot  would  be.  This  chain  can 
easily  be  put  in  position.  Thus  we  can  quickly  and  accurately 
locate  one  plot,  or  a  series  of  plots,  with  small  temporary  stakes. 

The  best  rotation  of  crops  and  soil  treatment  kept  us  working 
for  weeks.  We  finally  decided  upon  a  four-year  rotation  of  corn, 
oats,  wheat,  clover,  for  all  plots.  The  number  one  series  of  each 
hundred  was  set  aside  as  check,  receiving  no  soil  treatment.  The 
number  two  series  of  each  hundred,  was  treated  with  manure 
and  phosphorus.  The  number  three  series  had  manure  only 
applied.  The  number  four  series  had  a  legume  growing  on  each 
plot  each  year.  The  number  five  series  was  treated  with  com- 
plete commercial  fertilizer.  From  a  demonstrative  point  of  view 
we  feel  that  we  are  very  fortunate  in  deciding  upon  this  plan. 
We  get  such  a  variety  of  problems,  largely  practical,  yet  having 
ample  opportunity  of  comparing  the  results  of  different  series. 
In  passing  we  will  state  but  a  few  of  these  problems :  the  prac- 
tical value  of  such  a  rotation ;  we  try  out  phosphorus,  so  largely 
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needed  in  our  locality ;  we  can  compare  all  series ;  the  opportu- 
nity of  planting  clover  with  oats,  wheat,  com ;  selecting  various 
seeds ;  seed  bed  preparations ;  how  to  plant ;  time  to  plant ;  harvest- 
ing ;  selecting  seed  com ;  method  and  time  of  appl)ring  manure ; 
purchasing,  mixing,  and  applying  commercial  fertilizers;  treat- 
ing seed  for  fungi ;  effect  of  manure  on  the  physical  condition  of 
the  soil;  conservation  of  moisture  through  tillage;  determining 
whether  or  not  lime  is  needed ;  and  the  competing  with  birds  and 
various  insects.  We  have  a  wonderful  opportunity  of  studying 
weeds.  For  years,  some  of  the  worst  have  had  an  opportunity 
for  flourishing  growth.  Bind  weed,  thistles,  smart  weed,  mus- 
tard, quack  grass,  and  a  score  of  others  have  been  present.  We 
might  thus  go  on  indefinitely  sighting  instances  of  how  the 
work  in  staple  crops  should  center  around  the  outdoor  work. 
Here  is  where  we  get  our  interest  and  reasons  for  handling  the 
class  room  material. 

Last  year,  to  get  a  better  g^p  on  the  handling  of  forage  crops, 
the  class  was  directed  to  go  into  the  details  of  establishing  al- 
falfa plots.  From  this  outside  interest  came  the  best  and  most 
lasting  stimulus  for  the  study  of  alfalfa.  Because  of  the  need 
for  information,  as  well  as  the  self-pride  which  stimulates  action 
to  avoid  a  failure,  the  problems  of  location,  soil,  seed,  time  to 
plant,  inoculation,  weeds,  cutting,  value  as  feed,  and  winter  con- 
ditions, were  handled  in  a  thorough  and  enthusiastic  manner. 
The  boys  brought  up  questions  with  those  outside  who  had  tried 
alfalfa,  and  by  planting  time  they  were  confident  that  they  could 
succeed.  They  do  not  forget  the  work  done  on  those  plots,  and 
interest  remains  as  they  look  forward  to  the  next  spring's  growth. 
Members  of  the  class  have  since  told  me  why  So  and  So  didn't 
get  a  good  stand,  and  members  outside  the  class  have  been 
anxious  for  the  details  of  how  the  plots  were  so  successfully 
established,  and  what  has  yet  to  be  done  to  get  the  best  of 
future  cuttings.  Thus  you  see  how  these  plots  are  the  foundation 
for  the  study  of  the  forage  crops.  The  more  ways  we  can  tie 
them  into  the  theory  of  our  work  the  greater  their  service. 

Last  spring  the  board  of  directors  gave  us  permission  to  es- 
tablish a  small  orchard  near  the  athletic  field.  Naturally,  the 
instructor  had  thought  over  the  various  points  that  would  make 
this  line  of  practical  work  worth  while.  We  then  began  looking 
up  nurseries,  getting  catalogues,  selecting  kinds  and  varieties  of 
trees  adapted  to  our  locality,  figuring  out  the  distance  apart  of 
planting  the  various  kinds  of  trees,  looking  up  planting  points. 
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studying  up  on  pruning,  and  the  general  care  of  trees  and  fruits. 
We  also  purchased  a  dozen  and  a  half  of  standard  grapes,  which 
call  for  the  understanding  of  training  and  pruning  of  vines.  From 
these,  at  pruning  time,  we  can  start  cuttings  that  may  be  dis- 
tributed to  students  and  planted  at  their  homes.  Later  as  trees 
get  older  spraying  and  pruning  will  become  more  prominent 
problems.  We  are  now  planning  to  start  a  good  many  trees  from 
seeds,  which  will  later  be  grafted  and  put  to  good  use.  Some  of 
this  work  with  pot  cultures  and  winter  flowers,  brings  up  the 
need  of  a  greenhouse,  which  we  expect  will  be  built  when  we 
are  ready  to  present  its  practical  value  and  need  in  our  work. 
From  interest  in  the  orchard  there  is  but  a  step  to  the  interest 
in  tree  surgery,  followed  by  forestry  and  home  decoration. 

Lately  considerable  progress  has  been  made  on  the  campus 
in  the  planting  of  decorative  shrubs.  We  expect,  next  spring, 
to  add  to  our  orchard  and  also  plant  some  garden  shrubs.  We 
do  not  feel  inclined,  at  present,  to  consider  gardening,  largely 
because  of  the  lack  of  time  to  devote  to  that  kind  of  work.  We 
have  found  this  truth  exceedingly  helpful,  however :  Every  avenue 
where  practical  work  can  be  connected  with  numerous  funda- 
mental problems,  and  furnish  the  purpose  and  inspiration  for 
indoor  work,  justifies  its  place  in  the  course.  If  the  teacher  un- 
derstands the  plot's  purpose,  there  is  no  danger  of  being  led 
astray. 

The  writer  has  taken  the  liberty,  in  this  paper,  to  translate 
plot  work,  broadly,  to  mean  any  outdoor  practical  activity  carried 
on  in  connection  with  work  in  the  class  rocmi;  thus  giving  op- 
portunity for  a  brief  discussion  of  work  with  live  stock.  With 
us,  our  text  work  on  judging  animals  has  been  that  we  might 
sensibly  judge  the  worth  of  a  living  animal.  Trips  to  homes, 
farms,  bams,  are  planned  where  animals  under  consideration 
can  be  studied.  Sometimes  boys  of  the  class  provide  stock  to  judge. 
To  be  of  most  value,  the  boy  finds  that  he  needs  to  study,  for 
the  purpose  of  applying  that  knowledge  to  an  animal  that  he  may 
have  before  him.  This  need  of  realization  may  be  made  promi- 
nent in  various  ways  by  the  wide-awake  teacher.  For  instance, 
before  taking  up  the  study  of  the  horse,  we  might  have  a  sample 
brought  before  the  class,  and  by  carefully  planned  questions, 
the  members  of  the  class  be  led  to  realize  that  there  is  much  about 
the  animal,  valuable  to  know,  of  which  they  have  not  dreamed. 
Then  members  of  the  class  might  look  at  the  subject  as  practical 
horse  buyers,  or  as  keenly  interested  in  the  race,  or  really  need- 
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ing  a  good  draft  horse  for  use,  or  wanting  to  air  his  knowledge 
before  father  at  home.  In  any  case,  humorous  circumstances 
come  up,  lending  zest  and  interest  to  the  fundamental  problem. 
We  appreciate  the  fact  that  without  a  careful  teacher  this  phase 
of  work  may  be  overdone  and  the  whole  boat  upset,  leaving  a 
sorry  mess  of  pupils,  teacher,  and  course. 

Feeding  problems  an4  dairy  cow  records  must  necessarily  be 
carried  on  at  home,  both  having  peculiar  difficulties  and  de- 
manding considerable  thought  and  supervision,  by  the  teacher, 
to  have  them  satisfactorily  completed.  If  a  teacher  makes  a 
study  of  difficulties,  he  learns  to  avoid  pitfalls,  and  later  can 
direct  successfully  some  lines  of  practical  demonstration  that  he 
previously  considered  almost  impossible. 

Letters  of  inquiry  along  the  trend  of  this  paper  resulted  in 
but  few  answers  giving  additional  information.  The  high  schools 
of  our  state,  I  fear,  lack  the  united  effort  that  does  so  much 
towards  reaching  a  higher  general  standard.  Some  of  our  num- 
ber lack  experience,  and  sometimes  without  seeing  through  a  prop- 
osition try  experiments  that  are  impractical,  make  a  few  failures 
and  give  up. 

If  one  works  sanely  with  students,  I  see  no  reason  why  the 
teacher's  attitude  need  be  antagonistic  towards  the  home.  Par- 
ents do  take  interest  in  what  their  children  are  doing  in  school, 
and  should  feel  in  harmony,  especially,  with  lines  of  work,  the 
value  of  which  they  can  see. 

Regarding  expense,  we  have,  outside  of  a  school  farm,  na 
more  right  to  expect  financial  profit  than  from  any  laboratory 
course.  It  is  not  a  money-making  proposition.  It  will  not  pay 
for  itself  (although  it  does  surprisingly  help)  ;  but  for  demonstra- 
tion, if  judiciously  handled,  it  can't  be  beaten. 

The  work  during  the  summer  months  is  only  handled  satis- 
factorily, as  I  see  it,  by  the  teacher  being  hired  by  the  year,  or 
for  needed  time  of  the  vacation  months,  to  work  and  see  that 
what  he  cannot  do  is  done.  Students  may  be  notified  by  post 
card  when  harvesting,  thrashing,  or  hay  cutting  is  to  occur,  and 
several  may  be  present.  At  any  rate,  permanent  data  must  be* 
kept  and  put  in  suitable  form  for  the  beginning  of  the  next  year. 

At  best  ours  is  not  an  easy  fight,  nor  a  short  one.    We  so  easily 
forget  the  struggle  it  must  take  to  win  a  place  in  the  curriculum ; : 
to  force  aside  other  courses  that  have  been  developed  for  years 
and  that  have  been  adapted  to  the  schools,  having  teachers  wclK 
equipped  with  knowledge  and  the  best  avenues  of  approach  t<y 
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the  student.  We  have  not  the  guiding  stones  of  others'  mistakes 
and  successes  to  direct  us  in  the  best  line  of  effort.  We  are 
floundering  for  suitable  texts,  definite  laboratory  and  plot  man- 
uals, satisfactorily  equipped  teachers,  and  even  facilities  for 
training  our  secondary  school  instructors.  Our  struggle  is  that 
of  blazing  the  trail.  Is  it  any  wonder  that  we  sometimes  find  our- 
selves in  a  blind  alley  and  need  to  retrace  our  steps?  Fortunate 
are  we  if,  once  in  a  while,  we  see  a  glimmer  of  light  through  the 
jungle  in  which  we  are  struggling.  As  a  teacher  looks  back  over 
a  year's  work,  surely  he  sees  where  definite  mistakes  were  made ; 
where  difficulties  were  left  unsolved;  where  vital  things  were 
left  undone.  But  these  things  are  our  stepping-stones  towards 
success.  I  really  feel  no  other  course  in  the  curriculum,  and 
the  writer  has  taught  several,  demands,  at  the  present  time,  more 
vital  strength  of  a  teacher,  than  does  agriculture.  Pioneers  in 
any  line  have  always  suffered  and  toiled  for  the  cause  in  which 
they  struggled.  And  let  me  say  here,  when  you  work  agriculture 
around  any  other  center  than  practical  plot  work,  you  have 
severely  weakened  the  foundation  upon  which  your  structure  is 
built. 

Outside  of  a  large  city,  I  claim  plot  work  is  impossible  in  no 
school,  if  you  have  the  man  to  push  the  proposition  through. 
You  may  supplement  pot  cultures  and  laboratory  experiments  for 
field  work,  and  well,  but  you  can  see  for  yourself  the  handicap 
under  which  you  labor.  I  appreciate  the  excuses  you  present. 
It  is  hard  to  get  all  of  a  class  to  work  out  of  doors  effectively ; 
hard  to  get  tools  cleaned  off  and  put  away  as  they  should  be; 
hard  to  counteract  the  influence  of  the  fellow  in  the  class  who  has 
no  purpose,  and  doesn't  care  to  learn;  hard  to  get  the  quality 
of  work  you  desire  in  the  field,  even  work  hired  done  needs  the 
closest  of  supervision.  These  things  sometimes  tax  the  instructor 
to  the  utmost.  He  certainly  needs  the  cooperation  with  other 
schools,  to  feel  that  he  is  not  alone  in  the  fight,  and  even  then, 
he  cannot  stand  the  strain  unless,  once  in  a  while  at  least,  he 
gets  next  to  the  boy's  heart  and  feels  the  throb  of  love  that  must 
be  the  impelling  force  of  every  real  teacher. 

May  we  not  then,  in  a  definite  way,  during  the  following  year, 
work  together  more  earnestly,  taking  for  our  foundation  the  out- 
door work,  the  practical  through  which  the  theoretical  may  find 
its  largest  fulfillment,  and  thus  throughout  our  state,  build  up 
secondary  school  agricultural  departments  of  which  we  may  be 
justly  proud. 
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PROBLEM  DEPABTMSNT. 

By  £.  L.  Bbown, 
Principal  North  Side  High  School,  Denver,  Colo, 

Readers  of  this  magazine  are  invited  to  send  solutions  of  the  problems 
in  which  they  are  interested.  Problems  and  solutions  will  be  duly  credited 
to  their  authors.  Address  all  communications  to  E.  L.  Brown,  3433 
Alcott  St.,  Denver,  Colo. 

Algebra. 

282.  Proposed  by  Ruby  Albert,  Denver,  Colo. 
Solve  by  quadratics: 

34:j^-4;r-4r=0  (1) 

jrH-y+^+y— 26=0  (2) 

I.  Solution  by  R.  M.  Mathews,  Chicago,  III.,  and  Letetia  R.  Odell, 
Denver,  Colo. 

3xy^Ax—Ay==0.  (1) 

**+>*+^H->-26=0.  (2) 

Each  equation  ia  Sj^mmetrical  with  regard  to  ;r  and  y. 
Put  ;r=«+v,  >=«— z/. 

Then  (1)  becomes  3«"— 8«— 3z*=0,  (3) 

and  (2)  becomes     fi«+«+z^ssl3, 

or        3««-f3«+3z^=39.  (4) 

Adding  (3)  and  (4),  and  simplifying  we  have: 

whence  «=3,  —  V- 

When  «i»3,  v=dbl;  and  for  «=3,  t«=l,  for  «=3,  rs— 1 
.r=4,>=2;        ;r=2,  >«4. 

When«=— V.  2«:fcHV^377;andso;r«   "^^dr  l/377 

D 

6 

II.  Solution  by  L,  L.  Harding,  Suffield,  Conn.,  and  Effie  Morse,  Comp- 
ton.  Col. 

Multiply  cq.  (1)  by  6  and  eq.  (2)  by  9  and  add  9(;rH->)«-15(:r+>) -234=0. 
.'.  x^y96or  —V- 

Substitute  x+y=6  in  above  equations  and  obtain  xy^B  and  4r*+>*=s20. 
Whence  x^4  or  2,  y^l  or  4. 
Substitute  x+y^ — V ,  and  obtain 

xys^V  Md  ;H+>^V.    Whence  ;r=j[— 13±i/377], 

^=j[-13=Fl/377]. 

283.  Selected. 

For  what  values  of  ;r  is 

{a)  ^^  4-  ^^  a  minimum; 

(b)  (;r«+2;r+l)(7—jr«—2;r)  a  maximum. 

/.  Solution  by  W.  H.  Zeigel,  Kirksville,  Mo.,  and  F.  Eugene  Seymour, 
Trenton,  N.  J. 
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Since  in  all  cases 

(x  +  y)"  =  (^  —  yy  +  4jry 
we  have  the  following  principles: 

(a)  If  the  product  of  two  variables  be  constant,  their  sum  is  a  mini- 
mum when  they  are  equal. 

(b)  If  the  sum  of  two  variable?  be  constant,  their  product  fs  a  maxi- 
mum when  they  are  equal. 

Hence  ?±^  +  ?=i  i.  .  minlmnm  when 

a+x       Q'^x  ,  ^ 

==  — i — ,  or  when  jr=0. 


Also,  (j:*-|-2«-+l)(7— j^— Zr)  is  a  mazimnm  when 

^rM-ZjT-l-l—?— ;r*— 2jr,  or  when  x=\  or  —3. 

II.    Solution  by  A,  M.  Harding,  Fayetteville,  Ark.,  and  Nelson  L, 
Roray,  Metuchen,  N.  J. 


i'>'^'=:-±f+:-g-4'+i^]. 


Then  y  has  a  minimnm  2  when  ;r=0,  if  we  aasnme  —a<x<a»  Otherwise 
there  is  no  minimnm  vahie. 

{6)    {xt+Zx+Diy-x^-lx)  =  (jr+l)«  [8-(jr+l)«]s 
8(:r-|-l)«-(^+l)*=16-l4-(;r-|-l)«]« 

Hence  its  maximum  value  is  16,  and  it  takes  this  value  when 
4— (;r+l)*»0;  i.  e,  when  x^X  or— 3. 

III.    Solution  by  Julia  M.  Bligh,  Batavia,  N.  Y. 
a+x      -    ,     2        I     2      .  ,2 


f=£  =  i__L^+  2  ;^ ±4^. 

/Adding, 

a-'X       a+x         V     '     «■       '     a*  a*       /. 

Since  only  even  powers  of  x  occur  in  this  series,  the  terms  arc  all 
-positive  whether  x  is  positive  or  negative.     Hence  x  =  0  gives  the 
minimum  value  of  fix). 

(b)  If  f(x)  is  Uie  product  of  two  variable  factors  whose  sum  is 
.constant,  the  square  of  half  this  sum  is  a -maximum  for  fix), 

.-.  (;rM-2^+l)(7-««-2:r)=16 

..•.  ;r=l,  or  —3  are  the  values  of  x  for  which /(;r)  is  a  maximum. 

Qeometry. 

284.    Proposed  by  Elmer  Schuyler,  Brooklyn,  N.  Y. 

Given  the  three  diagonals  of  an  inscriptible  quadrilateral,  to  construct 
-the  quadrilateral. 

If  the  internal  diagonals  are  10  and  12  and  the  external  is  20^  what  are 
-the  lengths  of  the  sides? 

No  solution  received. 

Note. — It  is  assumed  that  the  radius  of  the  circumcircle  is  given.  In 
the  numerical  example  let  r  =  7.— EDitiWL 
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285.  Proposed  by  D.  A,  Lehman,  Goshen,  Ind. 

Prove  that  the  dihedral  angle  of  a  regular  octahedron  is  the  supplement 
of  the  dihedral  angle  of  a  regular  tetrahedron. 

Solution  by  R.  M,  Mathews,  Chicago,  III,  and  H,  G,  McCann,  Boston, 
Mass. 

It  is  easy  to  see  that  if  the  mid-point  of  each  edge  of  a  regular 
tetrahedron  be  joined  to  the  mid-points  of  edges  on  adjacent  faces,  the 
joining  lines  will  determine  a  regular  octohedron. 

Let  Vi,  V%  Vt,  V4  be  the  vertices  of  a  regular  tetrahedron ;  K  the  mid- 
point of  edge  ViVi,  L  of  ViV*.  M  of  V.Vt,  and  O  of  ViV^  Evidently, 
Vi  —  Vi  V«  —  V»  is  a  dihedral  angle  of  the  tetrahedron,  and  O — KL, 
— M  is  a  dihedral  angle  of  the  octahedron.  But  the  planes  of  these 
angles  are  parallel  right  to  left  and  left  to  right,  hence  the  angles  are 
supplementary. 

Remark,    This^ theorem  can  be  generalized  as  follows: 

For  each  class  of  similar  tetrahedra  there  exists  a  class  of  similar 
octahedra  such  that  the  dihedral  angles  at  opposite  edges  of  each  octa- 
hedron are  equal  to  each  other  and  each  is  supplementary  to  a  corre- 
sponding dihedral  angle  of  any  one  of  the  tetrahedra. 

The  method  of  proof  is  exactly  parallel  to  that  given  above. 

286.  Proposed  by  H.  H.  Downing,  Lexington,  Ky, 
Prove : 

(a)  The  sum  of  the  squares  of  the  lines  drawn  from  any  point  of  a 
circle  to  the  angular  points  of  a  regular  inscribed  polygon  of  n  sides  is 
«qual  to  2»R'. 

(6)   The  sum  of  the  squares  of  all  the  lines  of  connection  of  the 
angular  points  of  a  regular  polygon  of  n  sides,  inscribed  in  a  circle  of 
radius  R,  is  n*R\ 
Solution  by  Orville  Price,  Denver,  Colo, 
(a)  Given  the  regular  inscribed  n-gon  A  B  C  D....\  also  P  any  point 

•of  circle.    Denote  the  perpendiculars  from  the  vertices  A,  B,  C,  D 

on  the  tangent  at  P  by  Pi,  pt,  Pt,  Pa ,  and  the  radius  of  the  circle  by  R. 

Then  clearly 

APV^i .  2R, 
BP«ss/,.2R, 
CP«=/,.2R,etc. 
Adding, 

(pi+P^+pt+ )2R«AP«-fBP«-|-CP«-f 

Since  the  sum  of  the  perpendiculars  from  the  angular  points  of  an 
inscribed  regular  polygon  of  n  sides  upon  any  line  equals  n  times  the  per- 
-pendicular  from  the  center  on  the  same  line, 

/i  +/i  +/3  + /»  =  «R. 

.-.  2«R«  —  AP«  -h  BP«  +  CP«  -h 

{b)  The  sum  of  the  squares  of  the  lines  joining  any  one  vertex  to  all 
the  others  is  2iiR*  as  proved  above.  Then  for  n  vertices  we  would  have 
^ff'R'.  But  in  this  way  we  have  counted  each  line  twice.  Hence  the  re- 
sult is  n'R*. 

OREDIT  FOB  SOLUTIONS  BEOEIVED. 

270.  James  S.  Elston,   (2  solutions).    (2) 

272.  James  S.  Elston.   (1) 

276,  Julia  M.  Bligh,  James  S.  Elston.     (2) 

27a  J.  L.  Riley.    (1) 
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279.    James  S.  Elston.     (1) 

282.  Gretchen  F.   Barr,   Eugene  M.   Berry,  T.   M.   Blakslee,   Julia  M. 

Bligh,  John  H.  Bortz,  W.  S.  Cawthon,  James  S.  Elston,  M.  E. 
Gaskill,  John  Gaub,  A.  Gerardin,  A.  M.  Harding,  L.  L.  Harding, 
S.  G.  Johndroe,  R.  M.  Matthews,  H.  G.  McCann,  Russell  N.  Mc- 
Kenzie,  F.  C.  Mitchell,  Effic  Morse,  Letetia  R.  Odell  (2  solu- 
tions), C.  A.  Perrigo,  Aaron  Prussian  (2  solutions),  J.  L.  Riley, 
Nelson  L.  Roray,  Elmer  Schuyler,  H.  H.  Seidell,  G.  Sergent, 
Miriam  I.  Sheldon,  F.  Eugene  Seymour,  Montgomery  R.  Smith, 
C.  H.  Stoutenburgh,  G.  J.  Van  Buren,  I.  N.  Warner,  W.  H. 
Zeigel.     (36) 

283.  A.  M.  Harding,  L.  L.  Harding,  R.  M.  Mathews,  Letetia  R.  Odcll, 

Nelson  L.  Roray,  Elmer  Schuyler,  H.  H.  Seidell,  F.  E.  Seymour, 
C.  H.  Stoutenburgh  (2  solutions),  W.  H.  Zeigel  (2  solutions). 
(12) 

285.  Eugene  M.  Berry,  Julia  M.  Bligh,  R.  M.  Mathews,  H.  G.  McCann, 

Nelson  L.  Roray,  G.  Sergent,  E.  M.  Starr,  F.  E.  Seymour.    (8) 

286.  Julia  M.  Bligh,  A.  M.  Harding,  R.  M.  Mathews,  Nelson  h,  Roray, 

Elmer  Schuyler,  F.  Eugene  Seymour. 
Total  number  of  solutions,  69. 

PBOBLEIIS  FOB  SOLUTION. 
Algebra. 

297.  Proposed  by  Daniel  Kreth,  Oxford,  Iowa, 

In  what  time  will  the  compound  interest  on  any  principal  at  4%  equal 
the  simple  interest  at  6%  ? 

298.  Proposed  by  /.  L.  Orr,  Birmingham,  Ala. 

A  man,  standing  on  the  rear  end  of  a  moving  train,  counts  rail  joints. 
When  will  the  number  of  seconds  or  this  count  equal  the  speed  of  the 
train  in  miles  per  hour? 

299.  Proposed  by  Henry  A.  Levy,  Houghton,  Mich, 

Find  the  value  of  the  undetermined  coefficients  in  the  expansion: 

(41 )»     _  _1_  _      64        ,      216      __      64  1 

fi«(»+l)». . .  .(«-f4)«  "  «•         («+l)»  "^  (n+2^       («+3)»  "^  (»-H,« 
A  B  90  '    C 

"•■  «(«+l)...(«+4)  "•■  »(«+l)...(«-f3)  ""  «(«+l)(«+2)"''««(«+l)«...(«-|-4)» 
D  B  P  Cv 

+  ««(«-|-l)«....(»+3)«  ■•"  ««(»+l)«(»+2)«  ■*■  ««(«-fl)"  "^  »»(«+4)"' 

Geometry. 

300.  Proposed  by  C,  H,  Stoutenburgh,  Trenton,  N.  J. 

From  a  square  construct  a  regular  octagon  by  cutting  off  each  comer. 
Prove  the  construction. 

301.  Proposed  by  Nelson  L.  Roray,  Metuchen,  N,  /. 

Solve  without  the  use  of  trigonometric  functions:  The  distance  between 
the  feet  of  two  towers  standing  on  a  horizontal  plane  is  2a.  The  angles 
of  elevation  of  their  tops  from  the  mid-point  of  2a  are  complementary. 
The  angle  of  the  elevation  of  the  top  of  the  higher  from  the  foot  of  the 
lower  is  double  that  of  the  top  of  the  lower  from  the  foot  of  the  higher. 
Find  the  height  of  each  tower. 

302.  Proposed  by  Norman  Anning,  North  Bend,  B,  C. 

With  a  given  number  of  trees  per  acre  of  orchard,  how  much  farther 
apart  may  they  be  placed  by  using  the  equilateral  triangular  plan  instead 
of  the  square? 
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80IEN0E  QUESTIONS. 

By  Franklin  T.  Jones, 
University  School,  Cleveland,  Ohio. 

Readers  of  ScHooi,  Science  are  invited  to  propose  questions  for  solu- 
tion-scientific or  pedagogical-Hind  to  answer  the  questions  proposed  by 
others  or  by  themselves.  Kindly  address  all  communications  to  Franklin 
T,  Jones,  University  School,  Cleveland,  Ohio, 

Qnestions  and  ProUemB  for  SolntioiL 

Proposed  by  A,  Bjorkland,  The  High  School,  Appleton,  Wis. 

Answer  Serially  Numbered  Questions. 
[These  questions  were  given  at  the  end  of  the  first  semester  and  con- 
stituted the  final  for  the  short  course  in  physics.] 

PhygicB  Semester  Final. 

1.  How  is  the  pull  of  the  earth  changed  as  you  go  toward  the  North 
Pole?  Why?  What  effect  will  this  have  on  the  period  of  a  pendulum? 
What  other  condition  at  the  North  Pole  is  apt  to  change  the  period  of 
a  pendulum?    Why? 

2.  How  can  you  find  the  resultant  on  a  wagon  pulled  by  two  horses, 
the  one  being  hitched  ahead  of  the  other?  How  can  you  find  the  re- 
sultant if  the  two  are  hitched  side  by  side  but  pulling  at  an  angle  of 
60  degrees?    Illustrate. 

77.  Explain  how  to  get  the  total  weight  of  a  boat;  what  dimensions 
would  you  want,  and  how  would  you  compute  the  weight  from  these? 

78.  A  person  pulls  with  a  100-pound  force  through  a  distance  of  10 
feet  on  the  rope  of  a  pulley  system,  lifting  a  400-pound  weight  2  feet. 
Find  the  mechanical  advantage  and  the  efficiency  of  the  pulley  system. 
Theoretically,  what  should  be  the  value  of  the  efficiency? 

Answer  any  four  of  the  remaining  questions. 

5.  Define:  calorie;  specific  heat;  mechanical  advantage  (real);  me- 
chanical equivalent  of  heat;  conduction  of  heat. 

6.  What  is  meant  by  humidity?  What  will  be  the  effect  on  the  humid- 
ity when  the  cold  outdoor  air  is  brought  in  and  heated? 

7.  Why  is  the  handle  of  a  coffee  pot  often  made  of  wood  while  the 
bottom  is  made  of  copper? 

8.  Having  a  magnetic  compass,  explain  how  you  can  tell  whether  an 
electric  cell  is  able  to  give  a  current.  Using  the  same  compass  how  can 
you  tell  which  of  two  cells  is  able  to  give  the  greater  current? 

79.  Compute  the  cost  per  hour  of  an  electric  heater  using  10  amperes 
at  110-volts  pressure,  the  price  of  electrical  energy  being  12  cents  per 
kilowatt-hour. 

10.    State  Ohm's  law.    State  the  substance  of  Lenz's  law. 

80.  Proposed  by  Tom  Anderson,  Cleveland,  Ohio. 
What  weight  of  Mna04  corresponds  to  1  gm.  MnaPsOr? 

Solutions  and  Answers. 

A  uniform  beam  AB,  10  feet  long  and  weighing  50  pounds,  rests 
horizontal  on  two  supports,  one  of  which  is  3  feet  and  the  other  8  feet 
from  A. 
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(a)  What  force  is  exerted  on  each  support?  (b)  Suppose  that 
a  weight  of  20  pounds  is  hung  from  the  end  A,  what  is  now  the  force 
on  each  of  the  supports? 

Solution  by  P.  A.  Smoll,  Three  Rivers,  Mich. 

10  ft. 
A  O  I  OB 


3  ft. 


2  ft.      •  3  ft. 

«? 


I       2  ft. 


This  solution  is  made  by  the  law  of  moments,  which  states  that  the 
algebraic  sum  of  all  the  moments  of  a  body  are  =  0  if  the  body  is  at 
rest  This  body  is  at  rest,  therefore  the  law  applies.  Let  x  =  load  on  a, 
and  y  =  load  on  b. 

For  convenience  let  the  clockwise  moments  be  +  and  counter  clock- 
wise — .  It  is  evident  that  there  is  a  +  and  —  moment  about  each  point 
O  and  O'.  By  the  law  of  moments  the  sum  of  these  for  each,  O  and  0' 
=  0. 

Then  2  X  50  =  the  H-  moment  about  O  in  which  50  is  the  weight  of 
the  beam  acting  at  the  center  of  gravity  or  2  feet  from  O. 

And  5  X  y  =  the  —  moment  about  O  in  which  the  force  is  the  re- 
action of  the  support  b  against  its  load  y.  But  action  and  reaction  are 
equal  so  the  upward  force  oi  b  may  be  substituted  by  y. 

Now  (2X50)*(5X>)^0,  or  the  stun  of  the  moments  about  O. 

5>=100aiid>*20. 
In  the  same  way 
Sjr~(3X50)KO,  or  the  stun  of  the  moments  about  O' , 

and  5ir=150,  or  :r=30. 
Therefore  the  force  exerted  on  a  =  30  lbs.,  and  on  6  =  20  lbs.    If  a 
20-lb.  weight  is  placed  on  the  end  A  it  will  create  another  ( — )  moment 
about  the  points  O  and  O'  and  these  will  then  have  to  be  included  in  the 
algebraic  summation  of  moments  as  follows: 

(1)  (20X50)— (3X20)— (5Xj')=0  or  the  algebraic  sum  of  the  moments 
about  O. 

(2)  (5X^)— (2X50)-(8X20)«0or  the  algebraic  sum  of  the  moments 
about  O'. 

Solving  (1)    5y=A0 
>=8 
••        (2)   5^in-i310 
;re62. 
Therefore  the  forces  exerted  on  supports  a  and  b  under  the  second 
condition  are  62  lbs.  and  8  lbs.  respectively. 


PHYSIOS  SUGGESTIONS. 

By  W.  E.  Wing, 
Veering  High  School,  Portland,  Maine, 

I  notice  in  the  March  issue  of  School  SciSNoe  and  Mathi^icatics  that 
you  want  information  on  what  teachers  are  doing.    So  do  I. 

Although  no  claim  is  made  as  to  new  methods,  originality,  or  start- 
ling results,  I  am  going  to  tell  you  a  few  physical  experiments  per- 
formed at  Deering  High  School,  hoping  that  they  may  be  of  interest 
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to  others;  and  I  hope  every  teacher  will  respond  to  your  call  for  infor- 
mation. In  this  way  "our"  magazine  can  render  the  highest  possible 
service. 

I  have  discarded  all  laboratory  manuals  with  the  following  results: 
students  are  more  resourceful;  notebooks  show  originality,  and  are  not 
painfully  stereotyped,  with  the  words  data,  method,  apparatus,  and  con- 
clusion on  every  page. 

I  require  a  notebook  to  be  neatly  kept  and  methodical.  Above  all  that 
notebook  must  be  the  record  of  the  student's  own  work,  even  if  it  is  not 
so  showy.  Thi»  type  of  notebook  cannot  be  obtained  by  using  any  lab- 
oratory manual  or  loose  leaf  directions  that  I  have  ever  seen. 

The  only  excuse  that  I  have  ever  heard  offered  for  using  a  manual  is 
that  it  saves  time. 

Without  the  manual,  it  is  very  slow  work  at  first,  but  when  students 
once  understand  how  to  go  at  a  given  task,  they  more  than  make  up  for 
lost  time. 

At  the  present  writing,  I  find  my  beginners'  class  in  physics  just  three 
weeks  in  advance  of  any  of  my  classes  of  previous  years  where  the  man- 
ual was  used. 

I  am  through  paying  fabulous  prices  for  fragile  toys  to  use  in  the 
laboratory.  With  a  very  few  exceptions,  I  prefer  to  have  the  real  article, 
rather  than  the  working  model.  I  would  rather  have  one  set  of  blocks 
and  tackle  with  a  half  inch  rope  than  thirty  sets  of  miniature  pulleys. 
Ansrthing  diminutive  savors  of  the  toy,  and  consequently  loses  its  im- 
pressiveness  as  being  real. 

Not  only  do  I  believe  in  using  real  machinery,  but  I  want  real  com- 
mercial problems.  Since  the  high  cost  of  living  is  a  live  topic  with 
everyone,  I  make  the  "cost"  the  chief  object  of  a  number  of  experiments. 
The  Gas  Company  gave  us  a  condemned  meter,  and  loaned  us  a  new 
meter  and  a  gas  range. 

We  learned  how  to  read  the  meter,  then  took  the  old  one  apart  to 
see  how  it  was  constructed.  At  present  we  are  finding  out  how  much  it 
costs  to  bum  gas  for  cooking,  as  well  as  for  lighting.  Incidentally  the 
girls  are  computing  the  cost  of  producing  a  loaf  of  bread,  to  see  whether 
it  is  cheaper  to  make  bread  or  to  buy  it;  whether  it  is  cheaper  to  bum 
coal  or  gas. 

The  Electric  Light  Co.  gave  us  two  condemned  watt-meters  and  loaned 
us  a  new  one.    The  advantage  of  having  the  real  meters  is  obvious. 

We  have  a  number  of  volt  meters  and  ammeters  (commercial  types), 
and  here  I  wish  to  express  my  satisfaction  with  the  new  portable  type 
of  Weston  A.  C.  ammeters.  These  instruments  may  be  used  with  either 
D.  C.  or  A.  C,  and  of  course  are  absolutely  reliable  and  not  expensive, 
if  bought  direct  for  school  use. 

Some  very  interesting  experiments  can  be  performed  with  nichrome 
wire.  This  wire  is  an  alloy  of  nickel  and  chromium  and  has  the  highest 
known  resistance.  It  is  used  commercially  in  electric  bread  toasters  and 
is  excellent  to  use  ior  volt-meter-ammeter  method  of  finding  resistance, 
and  to  show  the  heating  effect  of  electric  current. 

I  know  of  no  experiment  which  my  pupils  enjoy  more  than  measuring 
the  current  used  by  all  kinds  of  electric  lamps,  at  the  same  time  meas- 
uring the  candle  power,  computing  cost  per  candle  power  hour  and  com- 
paring the  results. 

Getting  the  brake  H.  P.  of  an  electric  motor,  finding  the  efficiency  and 
reckoning  the  cost  of  running,  is  another  popular  experiment.     Meas- 
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uring  current  used  by  electric  bread  toasters  and  flat  irons,  and  comput- 
ing the  cost  of  running  is  also  good.  Comparing  the  cost  of  operating 
electric  irons  with  a  gas  iron,  tungsten  lamps  with  Welsbach  mantels  is 
also  worth  while. 

The  following  will  give  an  idea  of  the  physics  examination  given  in 
February:  Each  pupil  was  required  to  choose  some  machine  in  which 
he  was  particularly  interested;  make  digrams  of  it,  observe  applications 
of  physical  principles  and  reckon  the  mechanical  advantage  of  cogwheels 
and  pulleys.  Three  weeks  were  given  for  preparation.  Then  a  pre- 
liminary conference  was  held  with  each  student,  suggestions  were  offered, 
and  hints  as  to  what  would  be  expected  at  the  final  conference.  After 
the  preliminary  conference  the  explanations  and  diagrams  were  carefully 
written  in  a  blue  book  and  passed  in.  At  the  final  conference  at  least  ten 
minutes  were  spent  with  each  student. 

The  only  provision  was  that  diagrams  and  figures  must  be  obtained 
from  actual  machines. 

The  results  were  such  that  similar  examination  will  be  a  yearly  fea- 
ture in  the  beginners'  physics  course.  Here  are  a  few  of  the  machines 
selected  by  the  pupils:  gasoline  engine;  automobile  transmissions  and 
differentials;  camera;  stereopticon ;  meat  grinder;  sewing  machine;  drill; 
molder;  planer;  lathe;  gas  meter;  steam  engine;  block-signal  system  on 
the  Boston  &  Maine  R.  R.;  heating  plant;  telegraph,  duplex  and  quad- 
ruplex;  marine  engine;  lawn  mower. 

Each  member  of  the  advanced  Physics  class  is  working  on  some  com- 
mercial electrical  appliance  which  necessitates  a  trip  to  some  office  or 
factory.  After  the  material  gathered  has  been  carefully  written  in  detail, 
the  student  will  give  a  talk  to  the  class,  and  by  means  of  diagrams  he 
will  explain  its  use,  operation,  etc.,  and  when  possible  give  the  history  of 
its  development.  Here  are  a  few  of  the  assignments:  Automobile  igni- 
tion systems;  wireless  outfit;  A.  C.  dynamos;  D.  C.  d}mamos;  automatic 
elevator;  telephone  switchboard;  watt  meter  and  automatic  telephone. 

One  week  is  allowed  for  preparation  and  it  will  take  about  a  week  to 
take  up  the  different  subjects. 

The  articles  by  Professor  Jameson  in  our  March  and  April  numbers 
are  apropos,  and  point  out  the  way  for  physics  teachers.  The  same  op- 
portunity is  open  to  all  science  teachers.  All  of  us  need  "to  come  down 
to  earth,"  to  make  our  work  real.  There  is  nothing  so  unfruitful  of 
results  as  to  place  a  piece  of  insignificant  apparatus  in  the  hands  of  the 
student,  only  to  tell  him  after  he  has  worked  diligently  for  an  hour  that 
"if  the  apparatus  were  all  right  he  ought  to  get  such  and  such  a  result." 

I  hope  that  science  teachers  in  other  parts  of  the  country  will  tell  what 
they  are  doing  for  real  experiments. 


A  CHART  FOB  PHYSIOS. 

By  John  Zimmerman, 
Dubuque  German  College,  Dubuque,  la. 

In  my  work  with  elementary  physics  classes,  in  places  having  limited 
supplies  of  apparatus  and  no  projecting  lantern,  I  have  frequently  felt 
the  need  of  a  chart  of  diagrams,  giving  some  of  the  text-book  figures, 
together  with  additional  ones  of  illustrative  and  educational  value. 

These  diagrams  should  be  large  and  clear,  so  that  an3rthing  pointed  out 
on  them  could  be  seen  from  the  farther  end  of  a  schoolroom  of  ordinary 
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size.  If  some  of  them  were  exact  reproductions  of  text  figures  they 
would  have  extra  value  in  connection  with  that  particular  text.  Many 
figures  of  any  one  of  the  modern  physics  text-books  can  serve  as  an 
excellent  basis  for  recitation.  The  teacher,  as  a  rule,  cannot  take  the 
time  necessary  for  the  reproduction  of  these  figures  on  the  blackboard, 
and  if  the  books  are  used  for  this  purpose  several  obstacles  present 
themselves;  the  text  is  in  sight  and  the  recitation  for  that  reason  de- 
velops less  independence,  the  instructor  is  not  always  sure  that  all  mem- 
bers of  the  class  are  looking  at  the  right  part  of  the  figure,  he  cannot 
explain  a  particular  feature  as  well  as  when  his  explanation  can  be  em- 
phasized by  the  end  of  a  pointer,  in  transferring  the  attention  of  the 
class  from  one  part  to  another  a  verbal  transition  will  have  to  be  con- 
structed, which  does  not  add  to  the  progress  of  the  recitation  and  could 
he  eliminated  with  the  use  of  a  chart  and  a  pointer. 

Figures  in  addition  to  those  found  in  the  text  used,  illustrating  scien- 
tific features  and  applications  of  modem  mechanics  and  industry  as  well 
as  historical  developments  of  scientific  principles,  would  also  be  very 
valuable  for  class  illustrations  from  a  chart.  We  are  not  yet  making 
the  largest  and  best  use  of  this  most  valuable  means  of  instruction,  and 
cannot  do  so  without  adequate  charts  for  this  purpose. 

I  have  been  wondering  how  many  of  my  fellow  teachers  are  so  situ- 
ated that  they  have  felt  the  need  of  such  a  chart  as  I  have,  and  in  how 
many  more  a  desire  for  one  could  be  aroused  by  their  own  consideration 
of  the  possibilities  it  would  offer. 

I  have  communicated  some  of  these  ideas  to  two  publishing  houses  at 
different  times.  Each  one,  however,  seems  to  think  that  the  publication 
of  such  a  chart  would  not  secure  for  them  ordinary  financial  returns. 

Could  there  not  be  an  exchange  of  ideas  on  this  proposition  by  teach- 
ers situated  similarly  to  myself?  Could  there  not  be,  in  some  way,  an 
expression  of  the  wishes  of  those  interested  in  this  move,  which  might 
lead  to  a  more  definite  formulation  of  plans,  and  ultimately  to  a  reali- 
zation of  advancement  in  this  phase  of  educational  work?  If  I  could  do 
anything  further  in  this  matter  beyond  advancing  the  mere  suggestion 
herewith  made,  it  would  be  a  source  of  great  pleasure  to  me. 


ANTABOTIOA— TWIOE  AS  LAEQE  AS  EUROPE. 

The  Antarctic  continent  has  been  estimated  to  be  at  least  twice  as  large 
as  Europe.  The  evidence  of  paleontology  is  to  the  effect  that  Antarctica 
was  once  connected  with  the  more  northern  lands,  at  least  with  South 
America;  and  that  in  prehistoric  ages  some  tremendous  convulsion  of  the 
earth's  crust  resulted  in  the  sinking  of  the  "submarine"  floor,  until  in  some 
places  it  is  now  4,000  fathoms,  or  more  than  four  miles  below  the  surface. 
All  around  the  great  land  mass  of  this  continent  there  is  a  deep  ocean  bed 
cutting  it  off  from  every  other  land  of  the  earth,  and  setting  it  apart  as 
a  region  more  unlike  the  rest  of  the  globe  than  any  other  continent 
or  island.  Explorations  have  proven  that  in  times  before  the  advent  of 
man  upon  the  earth,  this  most  southern  land  had  a  temperate,  or  even  a 
warmer  climate.  There  are  fossils,  both  animal  and  vegetable,  which  in- 
dicate this.  The  formation  of  the  rocks  in  Antarctica  also  is  of  volcanic 
origin  and  volcanic  activity,  notably  in  the  case  of  Mount  Erebus,  which 
is  not  yet  extinct.  A  vast  mountain  range,  perhaps  at  one  time  a  continu- 
ation of  the  Andes,  exists  in  Antarctica. — American  Review  of  Reviews. 
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REWARDS  FOB  DISOOVE&T  OF  UNDISTXTBBED  NESTINGS  OF 
PASSENQEB  PIGEONS  ABE  BENEWED. 

It  has  finally  been  decided  to  renew  the  offers  of  rewards  for  report  of 
undisturbed  nestings  of  passenger  pigeons  for  one  more  season — ^until 
October  31,  1912. 

Not  even  a  probable  nesting  has  been  reported  for  either  1910  or  1911. 
All  reports  sent  in  have  proved  to  be  for  other  species  of  pigeon  or  dove 
—of  band-tailed,  viosca,  red- billed,  or  white- winged  pigeons,  from  the 
Rocky  Mountain  and  Pacific  Coast  region;  or  of  the  mourning  dove  from 
Eastern  North  America. 

In  addition  to  the  above,  all  passenger  pigeons  reported  killed  during 
this  time,  as  far  as  it  has  been  possible  to  ascertain  the  truth,  have  proved 
to  be  some  other  bird.  Not  so  much  as  a  feather  of  tangible  evidence 
has  come  in  that  the  passenger  pigeon  exists  in  the  wild  state  during 
the  two  years  of  active  search. 

The  rewards  are  renewed  because  a  number  of  apparently  reliable  ob- 
servers have  reported  seeing  passenger  pigeons  during  1911.  These  re- 
ports have  come  in  from  Iowa,  Illinois,  Wisconsin,  Michigan,  Pennsyl- 
vania, and  New  York.  Even  if  all  of  these  reports  are  true,  it  is  evident 
that  very  few  of  the  birds  still  survive.  If  a  few  scattered  flocks  are 
left,  the  experience  of  the  two  seasons  past  proves  that  discovery  of  their 
nesting  places  is  a  matter  of  extreme  difficulty.  This  means  that  more 
strenuous  and  persistent  methods  must  be  adopted,  and  more  concerted 
effort  be  secured  if  the  search  of  this  third  and  last  season  is  likely  to  be 
successful. 

It  may  be  that  the  few  surviving  pigeons  are  nesting  in  sections  unin- 
habited or  difficult  of  access.  If  this  is  true,  plotting  the  course  of  their 
migration  flights,  or  of  their  feeding  flights,  may  point  to  their  probable 
nesting  places.  If  all  who  see  pigeons  this  spring  will  report  immediately 
(giving  in  the  first  letter,  please,  exactly)  DATE  and  HOUR,  NUMBER 
IN  FLOCK  and  DIRECTION  OF  FLIGHT,  it  may  be  possible,  by 
convergence  of  testimony,  to  locate  the  nestings.  This  seems  to  be  our 
last  and  only  hope. 

May  this  third  year  prove  more  fortunate  in  our  efforts  to  save  to 
America  and  to  the  world  the  finest  race  of  pigeons  ever  evolved. 

Please  secure  publication  of  this  statement  and  of  the  enclosed  list  of 
rewards  in  all  possible  local  papers. 

Lists  of  Rewards  with  Conditions  Governing  Them. 

One  Thousand  Doixars  ($1,000)  Reward 

For  first  information,  exclusive  and  confidential,  of  the  location  of  a 

nesting  pair  of  colony  or  passenger  pigeons,  anywhere  in  North  America; 

when  properly  confirmed  and  if  found  by  confirming  party  with  parent 

birds  and  eggs  or  young  UNDISTURBED : 

Colonel  Anthony  R.  Kuser  will  pay  a  reward  of   $300 

John  E.  Thayer  will  pay  a  reward  of  $700 

For  first  nesting  discovered  thereafter  in  the  following  states  will  be 
paid  by : 

John  Burroughs,  New  York  $100 

A.  B.  F.  Kinney,  Massachusetts   100 

Anonymous,  Massachusetts,  2d  find  100 

Allan  B.  Miller,  for  1st  nesting  found  in  Worcester  Co.,  Mass 20 

Edward  Avis,  Connecticut  100 

Harry  S.  Hathaway,  Rhode  Island  100 
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Worthington  Society,   New  Jersey   10 

John  Dryden  Kuser,  for  2d  nesting  found  in  New  Jersey  10 

Henry  W.  Shoemaker,  Pennsylvania,  $200.  (Adds  $25  if  nest  is  pro- 
tected)   • 225 

W.  B.  Mershon,  Michigan  lOO 

It  W.  Mathews,  Minnesota  100 

Ruthevan  Deane,   Illinois    50 

John  E.  Thayer,  Maine,  New  Hampshire,  Vermont,  Ontario,  Wis- 
consin, $100  each   500 

John  Lewis  Childs,  for  first  three  nestings  not  entitled  to  any  of  the 
above  rewards,  $200  each  600 

The  purpose  of  these  offers  is  to  secure  an  intelligent  search  of  the 
American  continent  for  breeding  pigeons  in  the  hope  that,  if  found,  the 
species  may  be  saved  from  extermination. 

All  above  rewards  are  offered  solely  and  only  for  information  of  loca- 
tion of  undisturbed  nestings.  We  do  not  desire  possession  of  any  birds, 
alive  or  dead,  but  are  working  solely  to  save  the  free,  wild  pigeon. 

To  insure  intelligence  and  good  faith  informants  of  nestings  are  ad- 
vised to  enclose  or  agree  to  forfeit  at  least  $5  in  case  they  have  failed 
to  identify  the  birds  correctly.  This  is  only  fair,  since  the  amount  may 
cover  but  a  small  part  of  the  costs  occasioned  by  a  false  rei^ort.  The 
money  will  be  immediately  returned,  if  the  birds  are  found  to  be  passen- 
ger pigeons  (Ectopistes  migratorius).  In  the  case  of  nesting  pigeons, 
there  can  be  no  excuse  for  sending  in  false  reports.  Disregard  all  nests  on 
the  ground.  The  wild  pigeon  always  nests  in  trees,  generally  ten  feet  or 
more  from  the  ground. 

Priority  of  claim  will  be  decided  by  time  of  receipt  at  post  or  telegraph 
office.  Rewards  will  be  equally  divided,  if  two  or  more  letters  or  mes- 
sages bear  record  of  same  date  and  hour.  All  nestings  within  one  mile 
of  one  another  will  be  counted  as  one  colony. 

Please  report  all  pigeons  seen,  giving  exactly  date,  hour,  number  in 
flock,  direction  of  flight.  Unless  absolutely  certain  that  you  know  the 
band-tailed,  viosca,  and  red-billed  pigeons,  do  not  report  that  you  have 
seen  the  passenger  pigeon  in  the  Rocky  Mountains  or  Pacific  Coast 
region,  from  British  Columbia  to  Mexico. 

As  soon  as  a  pigeon  nesting  is  surely  identified  write  the  undersigned^ 
who  will  arrange  for  confirming  party  and  for  payment  of  the  reward. 
All  rewards  not  claimed  by  October  31,  1912,  will  be  withdrawn. 

Signed,  C.  F.  HODGE, 

Clark  University,  Worcester,  Mass. 

For  descriptive  leaflets  with  colored  pictures  of  the  pigeons  and  mourn- 
ing dove,  enclose  six  cents,  stamps,  to  Chas.  K.  Reed,  Worcester,  Mass. 

Note: — You  are  millions  to  one,  already  busy  man.  Please  do  not 
write  Dr.  Hodge  for  INFORMATION.  $i.oo  pays  the  postage  on  only 
5,000  letters. 


THE  DISOOVEBEB  OF  THE  SOUTH  POLE. 

Roald  Amundsen  is  a  typical  Viking,  in  spirit,  if  not  in  physical  ap- 
pearance. His  whole  career  has  been  characterized  by  that  indomitable 
courage,  perseverance,  and  patience  that  is  typical  of  the  fierce  sea  rovers 
of  old.  It  may  be  said  that  while,  to  a  certain  extent,  good  luck  attended 
his  expedition,  as  good  luck  attended  that  of  Peary,  in  both  cases  it  was 
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the  good  fortune  that  always  accompanies  the  strong  and  the  brave.  Both 
Peary  and  Amundsen  did  more  than  discover  the  Poles.  They  besieged 
them,  and  the  mysteries  at  last  were  unveiled  to  those  who  had  the  will 
and  patience,  the  skill  and  the  perseverance  to  dominate  the  situation. 

For  many  years  Captain  Amundsen  has  been  considered  one  of  the  most 
daring  and  skillful  of  Polar  explorers.  He  has  been  a  sailor  from  his 
youth.  At  the  age  of  twenty-five  he  sailed  with  the  "Belgica"  expedition 
to  the  Antarctic.  On  his  return  he  decided  to  devote  the  rest  of  his  life, 
if  need  be,  to  the  endeavor  to  discover  the  famous  Northwest  Passage 
which  had  been  sought  for  more  than  three  centuries  by  such  daring  sea 
spirits  as  Frobisher,  Cabot,  and  Franklin.  For  two  years  Amundsen 
studied  magnetism  and  meteorology.  Then  in  June,  1903,  in  the  "Gjoa," 
he  set  sail  from  Christiania.  After  three  years'  wanderings  through  the 
ice,  rocks,  and  unknown  lands  of  the  Northwest,  he  eventually  brought  his 
little  vessel  through  Behring  Strait,  and  thus  for  the  first  time  navi- 
gated the  Northwest  Passage.  During  this  voyage  he  determined  exactly 
the  position  of  the  magnetic  pole. 

Amundsen  is  forty  years  old,  a  strong-willed  character  of  scientific 
equipment  and  modest  as  to  his  own  achievements.  He  speaks  highly  of 
the  work  of  the  Japanese  expedition,  with  which  he  came  into  contact  on 
the  trip,  and  refers  respectfully  and  sympathetically  to  the  expedition  of 
Captain  Robert  Scott,  the  English  explorer  who  left  New  Zealand  on  the 
other  side  of  the  globe  from  Captain  Amundsen  at  about  the  same  time. 
The  equipment  of  Captain  Scott's  party  and  his  own  qualifications,  aided 
as  they  have  been  by  the  advice  and  experience  of  Sir  Ernest  Shackleton, 
^ere  believed  to  have  given  him  even  a  better  start  in  the  search  for  the 
Pole  than  his  Norwegian  rival.  Very  soon  after  the  start  of  these  two  men, 
the  world  began  to  refer  to  their  efforts  as  a  race.  Scott's  party  intended 
to  be  more  deliberate  in  its  work,  making  scientific  investigations  and  ex- 
plorations of  a  more  extended  sort  than  Amundsen  had  set  himself  to  do. 
It  was  expected  that  Scott  would  attain  the  Pole  at  about  the  time  Amund- 
sen actually  reached  it.  The  Norwegian,  however,  saw  nothing  of  his 
English  rival,  and  the  latter  had  not  been  heard  from  up  to  the  middle  of 
last  month.  Amundsen  admitted  that  Scott  might  have  been  at  the  Pole 
before  his  own  party,  and  might  have  left  a  memorial  that  had  possibly 
been  swept  away  by  storms.  His  own  base,  he  said,  was  500  miles  from 
that  of  the  British  party.  "I  sincerely  hope,"  he  told  the  newspaper  re- 
porters, "that  Scott's  expedition  was  successful." — American  Review  of 
Reviews, 


ASSOCIATION  OF  MATHEMATICS  TEACHERS  IN  NEW 
ENGLAND. 

The  midwinter  meeting  of  this  association  was  held  at  Wilson  Hall, 
Brown  University,  Providence,  R.  I.,  on  February  2,  1912,  at  2  p.  m. 

Professor  R.  C.  Archibald  of  Brown  University  delivered  an  address 
on  "Mathematical  Instruction  and  the  Professors  of  Mathematics  in  the 
French  Lyc6es,"  and  Mr.  A.  H.  Morrison  of  the  Mechanic  Arts  High 
School,  Boston,  spoke  on  "Mathematics  in  Elementary  Schools." 

The  two  papers  were  discussed  for  a  half  hour  by  the  members 
present. 

H.  D.  Gayi^oro,  Secretary. 
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MATHEMATIOS  SEOTION  OF  THE  OALIFOBNIA  TEACHEB8' 

A8SO0IATIOK. 

The  mathematics  section  of  the  California  Teachers'  Association  (Bay 
Section)  met  at  Stockton  on  December  28,  with  the  President  in  the 
chair.  In  the  absence  of  the  Secretary,  Principal  Herbert  Kittredge  of 
Antioch  was  appointed  in  his  place. 

The  feature  of  the  meeting  was  a  very  able  paper  sent  by  Professor 
A.  W.  Whitney  of  the  University  of  California.  Under  the  title  of 
''Constructive  Suggestions  for  High  School  Mathematics"  he  treated  many 
of  the  fundamental  problems  that  confront  the  teacher  and  pupil,  and, 
in  a  most  entertaining  and  illuminating  way,  built  up  a  philosophical 
system  of  practical  concrete  teaching.  A  brief  extract  from  his  paper  will 
reveal  the  keynote : 

"Mathematics,  most  of  it,  was  not  spun  in  its  present  form;  it  was 
the  clothing  of  lusty  physical  facts.  But  when  it  was  found  that  the 
same  clothing  could  be  worn  by  many  facts  and  finally  that  it  could 
even  stand  alone,  it,  with  its  fellows,  was  set  up  in  an  armory.  But  it 
takes  a  great  deal  of  imagination  to  feel  the  glory  of  knighthood  and 
battle  through  looking  at  armor;  it  is  more  likely  to  seem  rusty  and 
creaking. 

"It  is  obvious  what  ought  to  be  done — in  our  teaching  we  must  give 
mathematics  a  body.  Throw  up  the  windows  and  let  in  a  fact  or  two — 
bare  facts;  turn  them  over,  enjoy  the  mystery  of  their  being,  let  the 
senses  feast  on  their  fatness,  dance  about  them  for  pure  joy  of  their 
wholesomeness  and  then  finally  fit  them  out  decently  and  becomingly  with 
a  mathematical  dress." 

Miss  T.  Brookman  of  the  Berkeley  High  School  followed  with  "The 
Problems  of  Elementary  Algebra."  Her  talk  was  replete  with  helpful 
bits  of  her  experience  in  her  attempts  to  work  out  a  successful  mathe- 
matics course  in  the  six  year  high  school.  She  illustrated  some  of  her 
points  by  exhibits  of  the  work  of  pupils  on  practical  problems,  one  of 
which,  a  graph  of  the  speed  of  trains  on  one  of  the  main  lines  leading 
out  from  San  Francisco,  was  especially  good.  She  showed  a  simple  de- 
vice of  geared  and  belted  wheels  to  impress  the  fundamentals  of  ratios, 
direct  and  inverse,  and  developed  a  very  simple  scheme  for  teaching  vari- 
ation and  proportion. 

Her  enthusiasm  as  she  told  of  the  interest  her  pupils  took  in  finding 
practical  problems  about  the  threads  of  screws,  sizes  of  bolt  heads  under 
the  U.  S.  standards,  interpreting  formulas,  etc.,  etc.,  betrayed  the  secret 
of  her  successful  teaching.  An  animated  discussion  followed,  during 
which  Miss  Brookman  made  "the  concrete  way"  seem  not  only  rational, 
but  easy. 

The  session  was  closed  with  a  brief  discussion  of  "The  New  Geometry 
Syllabus,"  led  by  Principal  Lewis  B.  Avery  of  the  San  Jose  High  School. 
The  salient  points  of  the  scheme  were  emphasized,  and  there  seemed  to 
be  a  general  concurrence  in  the  conclusions  of  the  committee. 
-    The  following  officers  were  elected  for  the  coming  year : 

President,  Miss  May  V.  Haworth,  High  School,  Alameda. 

Vice-President,  Principal  O.  A.  Johnson,  High  School,  San  Mateo^ 

Secretary,  Mr.  D.  W.  Lindsay,  High  School,  Mountain  View. 

Member  of  Executive  Committee,  Dr.  A.  W.  Stamper,  State  Normal 
School,  Chico. 

J.  FiteD  Smith,  President. 
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ABTIOLES  IN  OUBBENT  PEBIODI0AL8. 

American  Forestry  for  March :  "The  New  Italian  Forestry  Policy,"  Dr. 
Guido  A.  R.  Borghesani,  four  illustrations;  "The  Great  American  Des- 
ert," C.  J.  Blanchard,  five  illustrations;  "Investigating  Forest  Insects,'* 
Dr.  L.  O.  Howard;  "Timber  Sales  on  the  Plumas  National  Forest.  Cal- 
ifornia," Rufus  S.  Maddox,  four  illustrations;  "Progress  in  Forestry 
Planting  in  the  Nebraska  Sand  Hills,"  four  illustrations;  "The  Chestnut 
Blight  Campaign,"  Percival  S.  Ridsdale ;  "Forest  School  of  the  University 
of  Idaho,"  three  illustrations. 

Catholic  Educational  Reziew  for  March :  "Higher  Education  in  South 
America,"  Charles  Warren  Currier;  "A  College  Course  in  Bibliography," 
Joseph  Schneider;  "The  Empirical  Movement  in  Education,"  Thomas  V. 
Moore;  "The  Danger  of  Early  Specialization,"  Herbert  F.  Wright. 

Educational  Psychology  for  March:  "The  House  of  Childhood":  A 
New  Primary  Method,  Howard  C.  Warren;  "A  Tentative  Revision  and 
Extension  of  the  Binet-Simon  Measuring  Scale  of  Intelligence,"  Part 
II,  Supplementary  Tests,  1.  Generalization  Test:  Interpretation  of  Fables, 
Lewis  M.  Terman  and  H.  G.  Childs;  "Qualities  of  Merit  in  Secondary 
School  Teachers,"  Arthur  Clifton  Boyce. 

Nature  Study  Review  for  March:  "Pedagogy  of  Secondary  School 
Agriculture,"  L.  D.  Coffman;  "Nature-Study  and  the  'Garbage  Barrel,*" 
Ernest  B.  Babcock;  "Varieties  of  Radishes,"  Emily  Benoit;  "Suggestions 
for  Crayfish  Study,"  Margaret  W.  Taggart;  "Eugenics,"  H.  H.  Laughlin; 
"Dental  Hygiene,"  Hyman  Cohen,  M.D. 

Physical  Review  for  February:  "Reaction  Effects  Produced  by  the  Dis- 
charge of  Electricity  from  Points  in  Gases  and  the  Bearing  of  these 
Effects  on  the  Theory  of  the  Small  Ion,"  Edward  J.  Moore;  "The  Mag- 
netic Rotation  and  Ellipticity  Produced  by  Mirrors  of  Massive  Metals," 
Paul  D.  Foote ;  "A  Study  of  the  Reversible  Pendulum."  Part  II.  Experi- 
mental Verifications,  John  C.  Shedd,  J.  A.  and  W.  N.  Birchby. 

Popular  Astronomy  for  April:  "The  Asteroid  Problem,"  Joel  H.  Met- 
calf;  "The  Variable  Stars,"  Fr.  Argelander,  Concluded;  "Recent  Re- 
searches as  to  the  Systematic  Motions  of  the  Stars,"  Lewis  Boss;  "A 
Modern  Look  at  the  Universe,"  Henry  Olerich;  "A  Question  on  the 
Capture  Theory,"  N.  W.  Mumford;  "The  Reform  of  the  Calendar," 
Ralph  E.  Wilson. 

School  Review  for  April :  "The  General-Science  Course  in  the  Univer- 
sity High  School,"  William  Lewis  Eikenberry;  "A  Course  in  Moral  Edu- 
cation for  the  High  School,"  Frank  Chapman  Sharp  and  Henry  Neu- 
mann; "The  Conference  Hour  in  the  Pittsburgh  High  Schools,"  Edward 
Rynearson. 

School  World  for  March:  "Weather  Study  for  Schools,"  W.  Maclean 
Carey;  "Combustion— The  Phlogiston  Theory,"  W.  A.  Witton;  "The  Use 
of  Simple  Models  in  the  Teaching  of  Elementary  Geometry,"  A.  L. 
Fletcher;  "Teachers'  Views  of  Examiners'  Reports  on  Local  Examina- 
tions: Mathematics  II,"  R.  Wyke  Bayliss. 

Zeitschrift  fiir  Mathematischen  und  Naturwissenschaftlichen  Unterricht 
for  February:  "Ueber  die  Verwendung  Mathematischer  Originalwerke  im 
Unterricht,"  Walter  Mendelssohn;  "Neue  Ableitung  des  binomischen 
Satzes  fiir  beliebige  reelle  Exponenten,"  Dr.  Ernst  Eckhardt;  "Schul- 
Mathematik  in  Tabellen,"  Professor  K.  Schmalz;  "Zahlenrechnungen  im 
Unterricht,"  A.  Schiilke;  "Zur  Reformbewegung  auf  den  Gebiete  des 
mathematischen  und  naturwissenschaftlichen  Unterrichts,"  edited  by  Obcr- 
lehrer  Dr.  W.  Lietzmann;  "Zur  Geometrographie,"  edited  by  K.  Hagge. 


Digitized  by  LjOOQIC 


EXPERIMENTAL  PHYSICS 


REVISED     EDITION 


By  CHARLES  H.  SMITH,  Instructor  in  Physics,  Hyde  Park  High  School. 
WILLIS  E.  TOWER.  Instructor  in  Physics,  Engtewood  High  School,  and 
CHARLES  M.  TURTON.  Instructor  in  Physics,  Bowen  High  School, 
Chicago,  111. 

l2mo,  cloth,  324  pages,  80  cents, 

A  distincdy  up-to-date  manual  that  accords  with  the  present  methods  regard- 
ing laboratory  work  in  physics. 

The  number  of  experiments  given  is  large — the  matter  contamed  is  sufficient 
for  two  years*  work  in  the  high  school — so  that  the  teacher  can  select  the 
experiments  particularly  adapted  to  his  class  and  equipment. 

The  instructions  for  performing  the  experiments  are  concise  and  readily  un- 
derstood. The  questions  at  the  end  of  each  experiment  are  of  special  value, 
requiring  the  pupil  to  apply  in  a  practical  way  the  principle  taught  by  the  experi- 
ment    Practical  applications  are  emphasized  throughout  the  book. 

The  requirements  of  the  College-Ejitrance  Elxamination  Board  have  been 
kept  carefully  in  mind  so  that  a  selectbn  of  any  fifty  experiments  will  be  accepted 
as  entrance  requirements  for  laboratory  work. 

GINN   AND   COMPANY,   PUBLISHERS 

BOSTON  NEW  YORK  CHICAGO  LONDON 

ATLANTA  DALLAS  COLUMBUS  SAN  FRANCISCO 


The  Stone -Millis  Mathematics  Series 


Stone-Millis  Grade  Arithmetics 
Stone-MiHis  Secondary  Arithmetic 


Stone-Millis    Algebras 
Stone-Millis   Geometries 


A  complete  series  for  grades  and  high  school,  unique  in  extent  and  unique  in 
principle.  There  is  no  other  series  of  books  in  the  subject  of  Mathematics  that  runs 
through  the  grades  and  high  school,  all  written  by  the  same  authors.  There  is  no 
other  series  so  thoroughly  practical  and  sane.  I^et  the  pupil  solye  real  problems 
that  might  conceivably  arise  in  the  lives  of  real  people,  and  not  problems  that  are 
mere  puzzles  because  the  answers  to  them  were  known  before  the  problems  were 
made.  Let  there  be  a  natural  use  for  the  work — this  is  the  unique  prmciple.  Such 
real  problem  material  is  used  in  these  books  as  a  concrete  setting  to  theoretical  work 
as  sound  as  ever  was  written. 

By  PROFESSOR  JOHN  C  STONE. 
State  Normat  School,  Upper  Montclair,  New  Jersey, 

and 
PROF.  JAMES  F.  MILUS. 

Francis  W,  Parker  School,  Chicago,  Illinois. 
WRITE  US  FOR  INFORMATION 


BENJ.  R  SANBORN  &  COMPANY 


BOSTON 


NEW  YORK 


CHICAGO 


FlMM  HMittOB  Sehool  8cl«no»  and  XatlMniAtlot  wli«n  Muwcrliig  adT6rtls«menU. 


440  SCHOOL  SCIENCE  AND  MATHEMATICS 

SYLLABUS  IN  CHEMISTBY. 

The  following  letter  represents  a  report  in  connection  with  the  revision 
of  the  syllabus  in  chemistry  of  the  College  Entrance  Board.  The  topics 
given  in  the  various  groups  do  not  necessarily  represent  what  the 
Committee  considers  desirable  as  a  final  syllabus,  since  the  time  at  its 
disposal  was  not  commensurate  with  the  importance  of  the  matter  it  was 
considering.  The  topics  are  presented  rather  as  a  definition  of  what  is 
meant  by  the  various  groups,  and  with  the  idea  of  showing  that  elemen- 
tary chemistry  can  be  taught  largely  through  its  practical  applications. 

Mr.  Robert  W.  Fuller, 

Secretary  of  the  Committee  on  the  Revision  of  the  College  Entrance 
Syllabus  in  Chemistry. 

Stuyvesant  High  School,  New  York  City. 
Dear  Sir: 

The  Committee  appointed  by  action  of  the  Chemistry  Teachers'  Club 
(of  New  York  and  vicinity)  to  make  recommendations  to  your  Cora- 
mission  in  connection  with  its  revision  of  the  existing  syllabus,  has 
entered  upon  its  work  with  the  following  considerations  in  mind: 

That  the  syllabus,  while  formulated  primarily  to  represent  the  amount 
of  knowledge  necessary  for  college  entrance,  in  practice  does  the  even 
more  important  work  of  determining  the  nature  of  the  course  for  the 
ninety  per  cent  of  pupils  who  never  enter  college; 

That  there  is  a  very  general  feeling  among  secondary  teachers  that  it 
is  highly  desirable  to  experiment  with  courses  designed  primarily  for  the 
benefit  of  the  non-college  entrance  pupil;  that,  since  it  is  often  impossible 
to  tell  in  advance  what  pupil  is  to  enter  college  and  what  one  is  not,  these 
experiments  are  practically  impossible  so  long  as  there  is  a  necessity  of 
meeting  a  rigid  type  of  college  entrance  paper. 

The  Committee,  therefore,  feeling  that  these  difficulties  are  entitled 
to  the  very  serious  consideration  of  the  Revision  Committee,  recommends 
a  syllabus,  or  syllabuses,  leading  to  a  paper  of  the  following  type: 

(a)  The  question  paper  would  consist  of  two  parts.  Part  I  and  Part  II. 
Each  candidate  would  answer  Part  I,  choosing  five  questions  from  a  total 
of  six.  These  questions  would  require  a  knowledge  of  the  more  funda- 
mental principles  of  elementary  chemistry  (pure  chemistry)  as  indi- 
cated in  the  outline  presented  below. 

(b)  Part  II  would  consist  of  three  groups  of  questions.  Group  A, 
Group  B,  and  Group  C.  Each  of  these  groups  would  consist  of  six 
questions.  Each  candidate  would  answer  five  questions  from  Part  II, 
choosing  them  either  (1)  entirely  from  one  of  the  three  groups,  or  (2) 
from  not  more  than  two  of  the  groups. 

Group  A.  Questions  in  this  group  would  require  a  knowledge  of  rela- 
tively advanced  theoretical  and  descriptive  chemistry  (pure  chemistry), 
including  simple,  practical  applications  as  indicated  below. 

Group  B.  This  group  would  require  a  knowledge  of  industrial  chem- 
istry (the  more  important  chemical  manufacturing  operations). 

Group  C.  This  group  would  require  a  knowledge  of  household  chem- 
istry. Tentative  outlines  are  here  presented  for  Part  I,  and  for  groups 
A  and  B  and  C  in  part  II. 

OUTXINES. 

Part  I.  A  study  of  such  topics  as  chemical  action,  energy  change 
(qualitatively)   as  a  characteristic  of  chemical  action,  oxidation,  reduc- 
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Write  for  illustrated 
descriptive  Circular  No.  505 

JAMES  G.  BIDDLE 

1211-13    Arch    Street,  Philadelphia 
Bm  aurm  io  oiait  our  nmw  mxhiM  room 
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tion,  acids,  bases,  salts,  neutralization;  weight  relations,  atomic  theory 
(elementary),  equations  and  calculations  involving  same;  the  more  com- 
mon elements,  compounds  and  mixtures  as:  oxygen,  hydrogen,  carbon, 
nitrogen,  chlorine,  sulphur;  water,  hydrochloric  acid,  sulphuric  acid,  nitric 
acid,  carbon  dioxide,  sulphur  dioxide,  sodium  hydroxide,  calcium  hydrox- 
ide, ammonium  hydroxide  and  air. 

Part  II,  Group  A.  Correction  for  gas  volumes,  law  of  multiple  pro- 
portions, logical  development  of  the  atomic  theory,  Avogadro's  hypothe- 
sis, derivation  of  hydrogen  molecule  as  Hj,  determination  of  molecular 
weights,  derivation  of  formulas,  electrolysis,  theory  of  electrolytic  dis- 
sociation and  its  application  in  explaining  neutralization,  hydrolysis  and 
allied  topics — ^mass  action  and  chemical  equilibrium  in  their  simpler  appli- 
cations, bromine,  iodine,  phosphorus,  silicon,  potassium,  sodium,  calcium, 
zinc,  magnesium,  copper,  silver,  aluminium,  lead,  iron,  carbon  monoxide, 
ammonia,  hydrogen  sulphide.  In  the  treatment  of  the  above  topics,  con- 
siderations should  be  given  to  their  more  familiar  applications,  industrial 
and  household. 

Part  II,  Group  B.  Water  for  industrial  purposes;  manufacture  of 
acids — sulphuric  hydrochloric,  nitric  and  acetic;  manufacture  of  alkalis — 
sodium  hydroxide,  calcium  hydroxide,  carbonates  of  sodium,  lime;  elec- 
trolysis as  applied  to  electroplating  and  purification  of  metals;  illumi- 
nants ;  fuels,  solid,  liquid  and  gaseous ;  furnaces,  blast,  reverberatory,  elec- 
tric, converter;  metallurgy — iron,  steel  (open  hearth  and  crucible),  lead, 
aluminium;  alloys;  glass;  ceramics;  building  matrials,  mortar,  cement, 
reenforced  concrete;  fertilizers — nitrogen  compounds,  phosphates;  potas- 
sium salts;  photography;  organic  compounds — soap,  alcohol  (grain  and 
wood),  fermented  and  distilled  liquors,  cane  sugar,  starch,  glucose. 

Part  II,  Group  C.  Air,  combustion  and  ventilation;  fuels— coals,  char- 
coal, coke,  kerosene,  gasoline,  coal  gas,  water  gas;  illuminants;  stoves 
and  furnaces  (household);  cooking  utensils — metals  and  enamel  ware; 
water — physical  properties,  drinking  water  purification,  hard  waters  ;i 
soaps  and  washing  powders,  (oils,  fats)  laundry  operations ;  other  cleans- 
ing processes  (for  grease,  rust,  mildew,  ink,  etc.),  fermentation,  putre- 
faction, preservation;  garbage  and  sewage  disposal;  disinfectants;  foods: 
general  (1)  classes — ^proteins,  carbohydrates,  fats,  mineral  constitutents ; 
(2)  food  values  (dietetics),  (3)  cooking — roasting,  broiling,  stewing,  etc., 
(4)  digestion  and  absorption;  (5)  means  of  preserving,  (6)  testing  for 
adulterants  and  preservatives;  special  (1)  breads,  flours,  cereals,  (bak- 
ing powders),  (2)  eggs,  (3)  dairy  products— milk,  butter,  cheese,  (4) 
meats,  (5)  vegetables,  (6)  fruits;  textiles — cotton,  wool  and  silk  with 
their  manufactured  products;  artificial  and  iniitation  fibres,  bleaching 
of  cotton,  wool,  and  straw,  direct  dyeing  of  cotton  and  wool. 

Committee. 

ROI^AND   H.   Wn^UAMS, 

Horace  Mann  School. 

Teachers'    College. 
Joseph  S.  Maw, 

High  School  of  Commerce, 
Jesse  E.  Whitsit, 

De  Witt  Clinton  High  School. 
Augustus  Ki/kk, 

Ethical  Culture  School. 
February  26,  1912. 
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G>inmon  experience  used  as  the  foundation  of  teaching. 
G>mbines  scientific  accuracy  with  easy  concrete  approach. 
Physical  prmcipies  are  applied  to  everyday  life. 
Outlines  the  historical  development  of  the  subject. 
Formulas  are  interpreted  in  the  proper  units  of  measure. 
Summaries  and  reviews  given  at  close  of  chapters. 
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TEACHING  OF  ARITHMETIC 
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Reprint  of  Vol.  x.  No.  1»  of  the  Teachers  College  Record,  January,  1909.     190  pages. 

Price,  cloth  bound,  75  cents;  paper  bound,  30  cents. 

ARITHMETICAL  ABIUTIES  AND  SOME  FACTORS 

DETERMINING  THEM 

By  Cliff  Winfield  SUme,  Ph.  D. 

Published  as  No.  19  of  the  Teachers  College  Contributions  to  Education,  June,  1908. 

Cloth  bound,  101  pages.    Price,  $1.00  postpaid. 

A  HISTORY  OP  SIXTEENTH  CENTURY  ARITHMETIC 

By  Lambert  L.  Jackson,  Ph.  D. 

Published  as  No.  8  of  the  Teachers  College  Contributions  to  Education,  1906.      Cloth 

bound,  961  pages.     Price,  $2.00  postpaid. 

HISTORY  OP  TEACHING  OP  ELEMENTARY  GEOMETRY 

By  Alva  Walker  Stamper,  Ph.  D. 
Published  as  No.  93  of  the  Teachers  College  Contributions  to  Education,  1909.    Cloth 
bound,  163  pages.    Price,  $1.60  postpaid.    Paper,  $1.15. 
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Bureau  of  Publications 
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BOOKS  BEOEIVED. 

Elementary  Plant  Biology,  by  James  E.  Peabody,  Morris  High  School, 
New  York,  and  Arthur  E.  Hunt,  Manual  Training  High  School,  Brooklyn. 
Pages  xvi+207.  13x19  cm.  Cloth,  1912.  75  cents  net.  The  Macmillan 
Company,  New  York. 

Who's  Who  in  Science,  by  H.  H.  Stephenson,  Lambeth,  England.  Pages 
xvi+323.  15x23  cm.  Cloth,  1912.  $2.00  net.  The  Macmillan  Company, 
New  York. 

Applied  Physics,  by  V.  D.  Hawkins,  Technical  High  School,  Cleveland. 
Pages  ix+199.  11x20  cm.  Cloth,  1912.  Longmans,  Green  &  Co.,  New 
York. 

Carnegie  Foundation  for  the  Advancement  of  Teaching.  Sixth  An- 
nual Report.  Pages  vi+154.  19x25  cm.  Paper,  1911.  576  Fifth  Avenue, 
New  York  City. 

The  Teaching  of  Primary  Arithmetic,  by  Henry  Suzzallo,  Teachers 
College,  Columbia  University,  Pages  xi+124.  12x18  cm.  Cloth,  191Z 
60  cents.    Houghton,  Mifflin  Company,  Boston. 

Earth  Features  and  their  Meaning,  by  William  Herbert  Hobbs,  Univer- 
sity of  Michigan.  Pages  xxxix+506.  15x22  cm.  Cloth,  1912.  $3.00  net 
The  Macmillan  Company,  New  York. 

School  Review  Monographs,  No.  11.  153  pages.  15x24  cm.  1912.  Paper. 
56  cents  postpaid.    University  of  Chicago  Press. 


BOOK  REVIEWS. 

New  England  Trees  in  Winter,  by  A.  F,  Blakeslee  and  C.  D.  Jarvis, 
Storrs  Ag.  Exp.  Sta.,  Storrs,  Conn.    Bull.  69.    270  pages. 

The  book  includes  description  and  photographs  of  practically  every 
native  tree  of  New  England.  The  descriptions  are  clear,  definite,  and 
untechnical.  The  photographs  are  remarkably  good.  The  key  appears  to 
be  well  adapted  to  its  purpose. 

The  authors  used  the  proof  of  keys  and  descriptions  in  classes,  revis- 
ing wherever  the  pupils  found  serious  difficulties.  The  method  is  good 
and  if  it  had  been  applied  in  the  past  by  other  authors  might  have  saved 
us  from  a  multitude  of  half-baked  floras  and  keys. 

The  teachers  of  New  England  and  adjoining  states  are  particularly 
indebted  to  the  authors  for  this  very  efficient  tool.  Unfortunately  the 
edition  is  limited,  but  it  is  understood  that  the  work  will  soon  be  pub- 
lished in  book  form.  W.  L.  E. 

Laboratory  Problems  in  Physics,  by  Franklin  T.  Jones,  University  School, 

Cleveland,  and  Robert  R.  Tatnall,  Northwestern  University,     Pages 

ix+81.     13x19  cm.     Cloth,   1912.     Illustrated.     50  cents  net     The 

Macmillan  Company,  New  York. 

A  splendid  little  book  gotten  out  primarily  to  accompany  Crew  &  Jones' 

Elements  of  Physics.     It  may,  however,  be  used  with  and  secondary 

text  in  physics.      It  is  written  in  clear  language,  easily  understood  by 

the  pupil.    It  puts  particular  stress  on  the  principle  to  be  learned.    The 

book  shows  the  imprint  of  the  authors'   long  experience  in  teachiog 

physics.    The  practical  application  at  the  close  of  each  experiment  is  a 

most   valuable    feature,   the   apparatus   described  and   recommended   is 

simple  and  of  the  standard  variety.  C.  H.  S. 


Digitized  by  LjOOQIC 


University  of  Illinois 

SUMMER  SESSION 

6  Weeb 
JUNE  17  TO  AUGUST  9, 1912 


Science  and  Mathematics,  over  so  counea 

The  various  I«aboratories  of  the  University 
will  be  open  to  students  who  desire  to  carry 
on  special  investigations: 

High  School  Teachers  of  the  sciences  af- 
forded ezodltnt  opportunity;  courses  are 
planned  to  meet  their  needs.  Five  Courses 
in  Affrlculture. 

Schokurshipt  civMt^ailhigiisehool  teach- 
ers in  the  State,  and  to  all  other  Illinois 
Teachers  who  are  qualified  to  matriculate 
in  the  University  as  regular  students.  These 
scholarships  exempt  the  student  from  the 
payment  of  the  regular  $12  tuition  fee. 


CompUtm  outUnm  of  the  cootm* 
MAILED  ON  REQUEST. 

AddreM  W.  C.  BAGLEY,  DIRECTOR 
204  Unirersity  HaO 

URBANA,  ILLINOIS 


IN  THE  CITY  OF  NEW  YORK 


Sunmer  SessioD,  July  8-Aiigiist  17, 1912 

Teachexs  College  will  Offer  150  Courses 

by  its  regular  staff,  includinff : 

History  of  Education,  Paul  Monroe,  W.  H.  Kilpatnck; 
Philojophy  of  Education.  Henry  Suziallo,  E.  N.  Hen- 
deraon;  Educational  Administration,  Georoe  D. 
Sirayer.  Frederick  E.  Farrington,  Superintendent  A. 
W.  Edton;  Educational  Psychology.  Edward  L, 
Thomdike,  Henry  Ruger.  Stevenson  Smith,  John  B. 
WattOD;  Secondary  Education,  Frederick  E.  Farring- 
ton, Romiett  Stevenj;  Elementary  Education.  F.  M. 
McMuriv,  Milo  B.  Hillegas.  Henry  C.  Peanon, 
PrindpaJ  J.  F.  Reigart:  Rural  Education,  Frederick 
G.  BoDser  and  special  lecturers;  Kindergarten  Educa- 
tion, Patty  S.  Hill,  Grace  Fulmer;  The  Teaching  of 
Elementary  Elnglish,  F.  T.  Baker;  Fine  Arts.  A.  W. 
Dow;  The  Teaching  of  Geography,  C.  B.  Kirch wey; 
The  Teaching  of  German,  E.  W.  Bagater- Collins; 
The  Teaching  of  Latin.  W.  H.  D.  Rouse.  Cambridge, 
England;  The  Teaching  of  Mathematics.  W.  E. 
Breckenridge;  The  Teaching  of  Physical  Science,  R. 
H.  Williams;  The  Teaching  of  Domestic  Art  and 
Domestic  Science  in  Eiementary  Schools,  Mrs.  Gil' 
cKrist -Strong;  The  Teaching  of  Industrial  Arts  in  Ele- 
mentary ana  Secondary  Sciiools,  Frederick  G.  Bonser. 

CourtM  wlU  also  be  offered  In  Biology,  Muatc,  Nature 
Study,  Physical  Education,  Nutrition  and  Food  Eco- 
nomict,  Poods  and  (Tookerr,  Household  and  Physiological 
Cbemlftry,  Textiles  and  Clothing,  Deaim  for  the  House- 
hold and  Industrial  Arts,  Household  Administration, 
Narslng  and    Health.    Mechanical    Drawing,   l^chine 


Design  and  Oonstmction,  Industrial  Blathematlcs,  Wood 

nfang.  Metal-work  Inf     "         .        ---    • 
the  Hlitory  of  Industry, 


.  Metal-working,  Ceramics,   Photography,  and 


Detailed  iaformatimi  will  be  i 


Cornell  gniversity 

SUMMER  SESSION,  1912 

JULY  8— AUGUST  16 

At  hitheilo,  eittended  instninion  is  offered  in 
Mathematics,  Ckemirtry,  Pb/acs,  Botany, 
Ptiyaology,  Zoology  and  £afth  Science. 
SfMcial  ansmioa  is  all  depariiMnls  is  paid  to 
the  ped^MPC  ade  of  the  subject.  Pnmm 
this  year  includes  moee  field  work  and  a  sdNMl 
of  obsenratioQ  for  eleiBentary  leadien.  Added 
cowses  (or  teachers  in  Gorman  and  Muac. 


For  annoancmmmnt 

AddiMs  the  REGISTRAR,  ITHACA,  N.  T. 


Book  on  Chemistry 

Labonlory  EzperimenU  in  Chemistry 

By  B.  W.  PEET 

Assodale  Profiesior  of  Chemirtry, 

Michigan  Suie  Nonnal  CoOefle. 

Priem  60  Cmnta. 

**  The  espeiimenti  an  well  chosen,  ample  in 
style  and  lanfoage,  conservatively  modem  and  re- 


-.  _^-5  appamtns. 

"I  CMuider  it  in  many  respects  the  beM  labom- 
tory  manoal  that  I  have  ever  examined.**— J.  H. 
Reedy,  Georfetown  Univenity.  Texas. 

GeMrffaWakr,  PiblislMr,  An  Arbor,  llichiru> 


UnibrrBttg  of  lliBronBUt 
SUMMER  SESSION,  1912 

JUNE    24   TO    AUGUST    2 
(LAW,  JUNE  24  TO  AUGUST  30) 

250  counes  in  Greduale  School.  Law  School. 
Colleoes  of  Letten  and  Sdenoe.  Fiiginreriny, 
siid  Agriculture.  Special  gndnale  courses  m 
Mathonatics  and  Pkyacs :  Mechanic.  Aero- 
dynamioLGyroscopic  Motion,  Modem  Theory  of 
Phyacal  PheDomena,  Eledridty  and  Magnetism. 

For  illusirated  bulletin,  address 

Registrar,  University,  Madison,  Wis. 


SUMMER.   COURSES 

FOR  TEACHERS 

THE  UNIVERSITY  OF  CHICAGO 

THE  SCHOOL  OF  EDUCA-RON 
Conraaa  for  elementary  school  teachers 
Courses  for  secondary  school  teachers 
Courses  for  superiatendenta  and  superriaors 
Cooraea  for  normal  ach«>ol  teachers 
Courses  for  college  teachers  of  education 
Some  of  these  courses  are  advanced  coursee  leadlnsr  to 
graduate  degrees:  some  are  elementary  courses  leadinir 
Fo  certiflcates  or  iMichelor's  degrees.    General  counMw  In 
Education  (History,  Administration,  Educ.  Psychology 
and  Methods).    Special  courses  in  History.  Home  Eco- 
nomics, Mathematics,  Geography,  School  Science.  School 
Library,  Kindergarten,  Manual  Training,  and  the  Artn. 
Registration  In  the  School  of  Bduoatlon  admits  to  Uni- 
venity coursee  In  all  departments.    First  term  1918,  June 
17,  to  July  U ;  second  term  July  25  to  August  SO.  Clrcular 
on  request. 

THE  UNIVERSITY  OF  CHICAGO 
Chicago.       -:-       Illiaois , 


Plaaaa  nantloti   fl«hAAl   fl«iMieii  and  Mathanatlea  whan  anawarinff  advaitlaamaiitB. 


446  SCHOOL  SCIENCE  AND  MATHEMATICS 

BOOK  REVIEWS. 

The  Farm  and  Garden  Blue-Book,  By  L,  H,  Bailey.  Published  by  The 
Macmillan  Company.  587  pages.  $2.00  net.  1911. 
This  is  the  fourth  writing  of  a  book  under  this  or  a  similar  name  by 
the  same  author.  It  is  now  entirely  rewritten,  and  to  many  people  will 
serve  as  a  ready  reference  or  source  book  in  place  of  the  larger  and 
more  expensive  series — the  cyclopedia  of  agriculture  and  horticulture. 
The  book  is  a  compendium  of  information  upon  the  larger  number  of 
things  concerning  which  farmers,  gardeners  and  orchardists  should  know. 
It  is  a  book  of  the  greatest  value  for  the  frequent  consultant,  but  not  a 
book  for  the  regular  reader.  It  gathers  into  one  set  of  covers  a  prodi- 
gious amount  of  data,  secured  from  more  elaborate  works  upon  limited 
fields,  from  texts,  bulletins  and  govemihent  reports,  and  above  all  from 
active  first-hand  experience  with  many  of  the  problems  that  are  covered. 
The  amount  and  exactitude  of  details  that  are  given,  the  charts  and 
planting  tables,  planting  schemes,  guides  for  cultivation  and  care  of 
plants  and  animals,  for  securing,  mixing  and  applying  fertilizers,  for 
combating  plant  and  animal  diseases,  for  harvesting,  grading  and  mark- 
eting plant  and  animal  products,  for  greenhouse  construction  and  man- 
agement, for  designing  buildings  and  securing  appropriate  propelling 
power,  all  these  but  briefly  suggest  the  informational  and  reference  nature 
of  the  work.  The  value  of  this  book  is  such  as  to  guarantee  more  than 
the  completion  of  a  quarter  of  a  century  of  usefulness  to  it  and  its  prede- 
cessors, which  made  their  first  appearance  in  1889.  O.  W.  C 


PEOPEBTY  BIGHTS  VS.  PUBUO  HEALTH. 

A  New  York  dealer  was  recently  prosecuted  for  counterfeiting  the 
trade-mark  for  Carter's  Little  Liver  Pills  and  for  selling  goods  bearing 
this  counterfeit  mark.  He  was  found  guilty,  and,  although  it  was  the 
first  offense,  the  court  refused  to  impose  a  fine,  but  sentenced  him  to  four 
months'  imprisonment  in  the  penitentiary  at  hftrd  labor  without  the  pos^ 
sibility  of  commutation  for  good  behavior.  Counterfeiting,  of  course,  is 
a  serious  crime  and  as  such  should  be  punished.  Nevertheless,  there  are 
more  serious  crimes,  such,  for  instance,  as  adulterating  foodstuffs,  selling 
putrid  material  for  good  or  dispensing  dangerous,  habit- forming  drugs, 
like  cocaine,  in  the  shape  of  soft  drinks.  All  these  crimes  are  crimes 
against  the  person — ^against  the  public  health — against  the  very  lives  of 
the  people.  Although  the  government  officials  have  brought  evidence 
sufficient  to  convict  over  1,200  firms  or  individuals  of  violating  the  federal 
Pood  and  Drugs  Act,  and  although  this  act  provides  that  its  violation 
may  be  punished  by  imprisonment,  yet  in  not  a  single  instance  has  the 
court  imposed  any  sentence  more  severe  than  a  fine.  And  the  majority 
of  the  fines  have  been  trivial  to  a  degree.  A  Canton  (Ohio)  concern 
was  convicted  of  selling  a  soft  drink  containing  cocaine.  The  court  con- 
sidered a  $25  fine  sufficient  punishment.  A  St  Louis  house  sold  a  powder 
for  infants  that  was  said  to  make  "teething"  easy;  it  contained  opium. 
A  $10  fine  was  sufficient  punishment  An  "agreeable  and  efficient  tonic** 
was  found  to  contain  cocaine,  although  the  presence  of  this  drug  was  not 
stated.  In  this  case,  the  court  suspended  sentence!  Some  day,  says 
The  Journal  of  the  American  Medical  Association,  a  court  may  be  found 
that  will  consider  the  crimes  of  making  drug  fiends  of  young  people,  of 
poisoning  babies  with  opium  mixtures  or  of  killing  women  with  headache 
powders  as  more  serious  offenses  than  the  counterfeiting  of  the  label  of 
a  fraudulent  "patene  medicine."    Apparently,  that  time  is  far  off. 
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CONOEBNINa  STSTEMATIO  EXPOSITION  OF  MATHEMATICS 

AND  THE  FUSION  OF  ITS  VARIOUS  BRANCHES 

IN  SECONDABT  INSTRUCTION.' 

By  J.  W.  A.  Young, 
The  University  of  Chicago. 

'  I  shall  consider  the  proposed  questions  in  part  from  the  point 
of  view  of  their  mathematical  subject-matter  and  the  age  of 
the  pupil,  without  regard  to  the  limitations  of  any  particular  na- 
tional environment  or  educational  organization,  and  in  part  from 
the  point  of  view  of  American  local  conditions.  Preparatory  to 
the  latter,  it  is  necessary  to  point  out  very  briefly  certain  features 
of  the  American  organization  that  must  be  taken  into  account 
in  considering  whether  or  not  the  lines  of  treatment  that  are 
brought  forward  in  the  questions  are  practicable  under  American 
conditions. 

The  nine  years  that  a  German  or  a  French  boy  spends  in  a 
single  institution  {gymnasium,  lyqee)  under  the  same  corps  of 
teachers,  all  mathematically  prepared  to  do  the  most  advanced 
work  in  the  curriculum,  all  working  together  consistently  toward 
the  same  goal,  are  in  America  covered  in  three  different  types 
of  institutions,  with  different  aims,  different  organization,  differ- 
ent methods,  and  with  different  teachers  of  quite  different  de- 
grees of  mathematical  attainment. 

Five  years  (normal  minimum  entrance  ages,  9-13,  inclusive) 
are  passed  in  the  elementary  schools.  Here  the  pupil  is  taught 
arithmetic  {Rechnen,  Calcul)  with  some  observational  geometry 
and  mensuration  of  geometric  figures,  by  a  teacher  (almost  in- 


iDiscuasion  of  the  quMtions  referred  to  Subcommission  A  of  the  Intemational  Com- 
miasion  oa  the  Teaching  of  Mathematics  for  report  at  the  session  at  Milan,  Italy.  Septem- 
ber 18-21, 1911.    The  questions  in  full  read  as  follows: 

I.  To  what  extent  can  the  work  of  secondary  schools  take  account  of  systematic 
exposition  of  mathematics? 

(a)    In  ffeoraetry;  use  of  axioms, 
t^)    In  arithmetic  and  algebra. 

(c)  In  the  subsequent  mathematical  instruction. 

II.  The  question  of  the  fusion  of  the  different  branches  of  mathematics  in  secondary 
instruction. 

(a)    Algebra  and  geometry. 

(d)  Plane  and  solid  geometry. 

ic)    Plane  geometry  and  trigonometry. 

(d)  Solid  geometry  and  descriptive  geometry. 

(e)  Synthetic  and  analytic  geometry  of  the  conic  sections. 
(/)  Differential  and  integral  calculus. 
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variably  a  woman)  whose  mathematical  training  has  seldom 
extended  beyond  a  year  each  of  elementary  algebra  and  geometry 
and  often  not  that  far.  This  one  teacher  teaches  the  pupil  in 
all  subjects  and  has  no  special  aptitude  or  training  for  teaching 
arithmetic  rather  than  English,  history,  geography,  etc. 

Three  years  (normal  minimum  entrance  ages,  14-16,  inclusive) 
are  passed  in  the  "high  school."  Here  the  pupil  is  taught  ele- 
mentary algebra  (through  quadratics)  and  plane  and  solid 
geometry  by  a  teacher  (in  probably  the  majority  of  cases  a 
woman)  whose  mathematical  training  has  with  rare  exceptions 
not  extended  beyond  a  year's  course  in  the  calculus  and  in  the 
majority  of  cases  not  that  far.  The  teaching  of  mathematics 
is  usually  done  by  a  special  teacher  of  that  subject  or  of  math- 
ematics and  some  other  subject,  for  example,  physics,  though 
isolated  classes  in  mathematics  are  often  allotted  to  teachers  whose 
specialties  are  subjects  quite  unrelated  to  mathematics. 

One  year  (minimum  entrance  age  18  years^)  is  spent  in  college. 
Here  the  student  is  taught  additional  algebra,  trigonometry,  the 
elements  of  analytic  geometry  and  sometimes  of  th^  calculus  by 
an  instructor  (almost  invariably  a  man  except  in  the  colleges  for 
women),  who  in  the  better  institutions  often  holds  the  doctor's 
degree  in  mathematics. 

It  is  apparent  from  this  brief  sketch  that  the  questions  whether 
any  proposed  change  is  desirable  in  theory  and  whether  it  is 
feasible  in  practice  may,  under  American  conditions,  receive  quite 
different  answers. 

I.    The  Influence  of  Systematic  Exposition  of  Mathe- 
matics ON  Secondary  Instruction. 

Question  I.  To  what  extent  can  the  work  of  secondary  schools 
take  account  of  systematic  exposition  of  mathematics f 

I  state  first  upon  what  interpretation  of  the  terms  of  the  ques- 
tion my  reply  is  based.  By  "secondary  school"  I  understand  the 
nine  years  mentioned  above.  By  "systematic  exposition  of  mathe- 
matics" I  understand  its  formal  presentation  so  as  to  put  its 
logical  organization  into  the  foreground,  and  so  as  to  present  in 
due  sequence  a  complete  chain  of  definitions,  axioms,  and 
theorems.  And  finally,  I  understand  "take  account  of"  {tenir 
compte)  broadly  as  meaning  not  merely  the  actual  "systematic 


*The  biffh  school  courie  coven  four  yean  but  no  mathematics  is  ordinarily  taken  up 
by  the  pupil  in  the  fourth  year. 
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exposition"  in  the  secondary  class  room  of  fields  or  topics  of 
mathematics,  but  also  the  indirect  influence  which  such  exposi- 
tions  elsewhere  within  the  teacher's  experience,  e.  g,,  in  univer- 
sity lectures  and  in  publications,  may  have  on  secondary  in- 
struction. 

In  the  latter  sense,  the  work  of  the  secondary  school  can  and 
should  take  full  account  of  the  systematic  exposition  of  mathe- 
matics. As  a  part  of  his  academic  preparation,  the  teacher  should 
have  mastered  not  only  the  systematic  exposition  of  nimierous 
fields  of  higher  mathematics,  but  also  the  systematic  and  critical 
exposition  of  the  entire  field  covered  by  the  secondary  curriculum, 
together  with  relevant  topics  of  higher  mathematics.  The  former 
has  always  been  amply  provided  by  the  universities  and  it  is  most 
gratif)ring  to  note  that  courses  of  the  latter  character  are  also 
beginning  to  be  offered  in  various  universities.  May  their  num- 
ber rapidly  increase!  The  great  majority  of  university  students 
of  mathematics  (in  America  at  least)  will  later  teach  in  the  sec- 
ondary field  as  defined  above  to  include  the  freshman  year  in 
college,  and  will  be  greatly  benefited  by  a  systematic  exposition  of 
the  logical  structure  of  the  various  fields  of  secondary  mathe- 
matics presented  with  the  broad  outlook  and  expert  insight  of 
the  university  mathematician.  I  am  here  thinking,  of  course,  of 
the  theory  itself,  without  regard  to  methodic  or  didactic  questions, 
though  I  am  of  opinion  that  the  university  might  well  occupy  it- 
self with  such  questions  also,  at  least  incidentally. 

When  once  the  teacher  is  actually  at  work,  he  should  keep  in 
touch  with  the  progress  of  systematic  thought  in  his  field.  Here 
likewise  the  universities  can  be  decidedly  helpful  both  by  suitable 
courses  of  instruction  given  at  times  when  the  secondary  teacher 
is  free  to  attend  and  by  publications  aiming  to  keep  abreast  of  the 
thought  of  the  day.' 

Granted  then  that  the  teacher  himself  is  well  acquainted  with  a 
thorough  and  up-to-date  systematic  exposition  of  the  subjects  that 
he  teaches,  we  pass  to  the  question  of  how  this  knowledge  should 
affect  his  instruction. 

It  goes  without  saying  that  the  instruction  which  he  gives 
should  be  consciously  built  up  on  a  logical  system,  a  well-articu- 
lated skeleton  bearing  the  mathematical  organism;  but  it  does 
not  follow  that  the  pupil  should  be  any  more  conscious  of  this 
skeleton  supporting  the  body  of  mathematical  doctrine  in  the 


^Introductions  to  nine  important  domains  may  be  found  in:  Monographs  on  Topics  of 
Modem  Mathematics  Relevant  to  the  BlemenUry  Field,  New  York.  I/mffmans.  Greets 
&Co.    1911. 
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secondary  class  room,  than  he  is  of  the  skeleton  supporting  the 
body  of  the  teacher  himself.  Young  people  may  easily  be  fright- 
ened if  a  skeleton  is  prematurely  dangled  before  them.  Sys- 
tematic organization  is  a  relatively  late  event  in  scientific  de- 
velopment. First,  the  concrete  ffiicts  are  acquired.  Then  the 
body  of  doctrine  in  the  form  of  more  or  less  isolated  theorems  is 
abstracted  from  them.  Finally,  the  body  of  abstract  knowledge 
is  organized  into  a  systematic  whole. 

Accordingly,  it  would  seem  that  in  the  secondary  course  as  a 
whole,  as  well  as  in  the  work  of  any  particular  year  or  the  ex- 
position of  any  particular  topic,  the  beginnings  should  be  con- 
crete; abstract  treatments  (abstract  relatively  to  the  maturity 
and  degree  of  advancement  of  the  pupil)  coming  as  a  relief  from 
the  burden  of  carrying  through  many  essentially  like  concrete  in- 
stances. This  presents  a^  goal  for  the  class  room:  not  abstract 
mathematics  but  mathematics  that  is  then  and  there  abstracted. 
It  has^ell  been  pointed  out  by  Herbert  Spencer*  that  "general 
formulas  which  man  have  devised  to  express  groups  of  details, 
and  which  have  severally  simplified  their  conceptions  by  writing 
many  facts  into  one  fact,  they  have  supposed  must  simplify  the 
conceptions  of  a  child  also.  They  have  forgotten  that  a  gen- 
eralization is  simple  only  in  comparison  with  the  whole  mass  of 
particular  truths  it  comprehends,  that  it  is  more  complex  than 
any  of  these  truths  taken  singly  .  .  .  and  that  to  a  mind  not  pos- 
sessing these  single  truths  it  is  a  mystery.  Thus  confounding  two 
kinds  of  simplification,  teachers  have  constantly  erred  by  setting 
out  with  'first  principles.'  " 

From  the  point  of  view  of  the  pupil,  systematic  organization 
is  rather  the  crowning  product  than  the  foundation  stone  of  the 
exposition,  and  as  he  progresses  through  the  advancing  years  of 
the  curriculum,  his  increasing  measure  of  maturity  and  his  en- 
larging fund  of  mathematical  knowledge  furnish  better  and  better 
basis  for  the  formal  organization  of  this  stock  of  facts  into  a 
coherent  system. 

We  should  perhaps  also  consider  the  question  briefly  under 
the  much  narrower  interpretation  of  systematic  exposition  as  an 
exposition  from  which  intuition  is  rigorously  excluded,  and  the 
whole  body  of  doctrine  is  built  upon  a  set  of  definitions  and  postu- 
lates explicitly  formulated. 

So  far  as  secondary  instruction  is  concerned  it  seems  to  me 
very  unwise  to  attempt  to  exclude  intuition  from  it  at  any  stage, 

^^ucation.  Chapter  2. 
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or  to  restrict  or  to  hamper  in  any  way  the  freedom  of  aiq>eal  to 
intuition.  The  nonintuitional  researches  of  recent  decades  have, 
indeed,  an  important  bearing  upon  secondary  instruction  and  ac- 
cordingly the  teacher  should  be  acquainted  with  their  general  re- 
sults, and  should  have  gone  with  them  with  sufficient  detail  to 
have  comprehended  their  spirit/  But  this  bearing  is  not  of  the 
nature  of  pressure  for  less  appeal  to  intuition  in  the  class  room 
and  for  more  explicit  striving  after  formal  rigor,  but  quite  the 
reverse.  The  teacher  needs  only  to  examine  a  set  of  consistent 
and  independent  postulates  for  plane  geometry,  for  example,  to 
see  how  utterly  impracticable  they  are  for  the  class  room.  He 
will  find  axioms  stated  and  theorems  proved  that  have  hitherto 
tacitly  been  taken  for  granted  in  the  class  room  and  that  are  in- 
tuitionally  so  obvious  that  any  mention  of  them  would  only  con- 
fuse the  pupil.     For  example: 

The  undefined  terms  arc  "point"  and  "order." 

Axiom  I. — ^There  exists  at  least  two  distinct  points. 

Axiom  II. — If  points  A,  B,  C,  are  in  the  order  ABC,  they  are  in  the 
order  CBA. 

Axiom  III.— If  points  A,  B,  C,  are  in  the  order  ABC,  they  are  not  in 
the  order  BCA. 

Theorem  1. — If  the  points  A,  B,  C,  are  in  the  order  ABC,  they  are  not 
in  the  order  CAB.     (Proved  by  axioms  II  and  III). 

Theorem  2. — ^The  order  ABC  implies  A  is  distinct   from  B,  and   B 
from  C. 
Later  theorems: 

Theorem  5. — If  DE  is  any  line,  there  exists  a  point  F  not  lying  in 
this  line. 

Theorem  6. — Between  every  two  distinct  points  there  lies  a  third  point. 

These  axioms  and  theorems  are  cited  to  show  how  few  and 
simple  are  the  statements  from  which  alone  all  the  others  can  be 
proved,  and  how  futile  is  the  campaign  that  is  being  waged,  even 
to  this  day,  against  "taking  nothing  for  granted  that  can  be 
proved."  They  make  it  clear  that  it  is  not  practicable  to  enumerate 
in  elementary  geometry  all  the  axioms  there  used,  nor  can  those 
used  be  restricted  to  such  as  are  indemonstrable  by  means  of 
the  others.  No  proof  even  of  the  consistency  of  those  used  can 
be  attempted.  It  is  sufficient  that  they  are  valid  in  the  concrete 
geometry  of  the  world  about  us ;  and  such  special  verification,  by 
the  way,  is  the  mode  of  proof  used  by  writers  on  the  subject  in 
establishing  the  consistency  and  the  independence  of  their  axioms. 
The  recent  researches  on  axioms  explode,  once  for  all,  the  hope  of 


'An  excellent  preaentation  of  modem  views  on  the  foundations  of  geometry  and  alsebra 
is  ariven  tn  the  monoflrraphs  by  Veblen  and  Huntington  in  Monographs  on  Topics  of 
Modern  BAathematics  Relevant  to  the  Elementary  Field,  New  York,  I^nffmans.  Green  and 
Co..  1911. 
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teaching  the  child  a  geometry  in  which  all  the  results  are  rig- 
orously deduced  from  a  set  of  irreducible  first  principles,  and  with 
it  goes  the  only  justification  for  any  longer  professing  to  be 
teaching  such  a  rigorous  deductive  system. 

The  teacher  who  reads  these  researches  aright,  will  pve  free 
play  to  intuition,  accepting  without  proof  anything  that  is  intui- 
tionally  sufficiently  obvious;  he  will  tacitly  assume  some  of  his 
fundamental  postulates  or  axioms,  others  he  will  state  informally 
preceded  by  an  "of  course,"  or  "it  is  evident  that,"  while  he  will 
perhaps  present  still  others  in  a  formal  manner  as  "axioms."  He 
will  begin  with  theorems  sufficiently  complicated  to  require  proof 
in  the  eyes  of  the  pupil,  he  will  vary  at  will  from  traditional 
forms,  will  make  free  use  of  motion  (superposition,  parallel 
translation,  rotation  about  a  point  or  an  axis),  in  definition  or 
in  proof,  whenever  he  feels  that  such  use  will  simplify  mat- 
ters, and  in  all  this  he  will  be  undismayed  by  the  knowledge  that 
his  system  will  be  egregiously  redundant,  but  will  be  satisfied  by 
the  knowledge  that  the  proofs  which  are  professedly  given  are 
real  proofs  both  in  the  sense  of  being  legitimate  consequences  of 
the  body  of  assumptions  that  is  used,  and  also  in  the  sense  of 
convincing  the  pupil  of  the  correctness  of  statements  not  other- 
-wise  obvious  to  him. 

Passing  to  the  subquestions,  it  does  not  seem  necessary  to  add 
-an)rthing  further  in  reply  to  subquestions  a,  b,  c.  As  to  question 
d,  I  would  say  that,  so  far  as  America  is  concerned,  the  teachers 
except  those  giving  the  collegiate  instruction,  have  themselves 
but  scant  acquaintance  with  the  modem  developments  of  mathe- 
matics, and  accordingly  these  ideas  have  not  yet  made  any  marked 
impress  upon  the  secondary  instruction  of  the  country  as  a  whole. 
There  exists,  however,  a  large  and  growing  body  of  teachers, 
who  are  availing  themselves  of  the  facilities  offered  by  the  sum- 
mer sessions  of  universities  and  colleges,  by  the  meetings  of  vari- 
.ous  associations  of  teachers,  and  by  books  and  periodical  publi- 
cations, to  enlarge  their  fund  of  mathematical  knowledge  and  to 
•come  into  touch  with  modem  ideas. 

Mention  may  also  be  made  here  of  two  proposals  which,  while 
•not  relating  to  strictly  modem  developments  of  mathematics,  have 
l>een  prominent  in  recent  discussions  and  have  formed  widespread 
acceptance.  One  is  to  pay  more  attention  to  the  applications  of 
mathematics  in  the  physical  sciences  and  in  practical  life,  and 
the  other  is  to  give  more  prominence  to  the  function  concept  (in- 
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eluding   the   graphic   representation   of    functions   on    squared 
paper). 

II.  The  Question  of  the  Fusion  of  the  Different  Branches 
OF  Mathematics  in  Secondary  Instruction. 

This  question  car  be  discussed  best  under  the  various  sub- 
questions. 

(a)  Algebra  and  geometry.  In  America,  the  practice  as  to 
the  teaching  of  these  subjects  has  been  and  still  is  the  opposite 
extreme  of  fusion.  The  subjects  are  taught  in  separate  years,  and 
when  one  is  taken  up  the  other  is  completely  laid  aside.  Algebra 
is  usually  begun  in  the  first  year  of  high  school  (the  sixth  year 
of  the  nine  year  period  styled  "secondary"  above)  and  is  taught 
during  the  whole  of  that  year.  In  the  next  year,  plane  geometry 
is  usually  begun  and  completed.  No  use  is  made  of  the  alge- 
braic knowledge  acquired  in  the  previous  year.  In  the  following 
year,  algebra  is  again  taken  up  for  one-half  year,  and  toHd 
geometry  is  begun  and  completed  in  the  other  half  year.  The 
course  in  algebra  ignores  the  pupil's  knowledge  of  plane  geometry 
and  the  course  in  solid  geometry,  in  return,  ignores  his  knowl- 
edge of  algebra.  Within  the  last  decade  or  so,  a  few  institutions 
have  varied  from  the  above  plan  and  have  given  trial  to  various 
plans  of  fusing  the  work  in  algebra  and  geometry  of  the  two 
first  years  of  the  high  school  (the  sixth  and  the  seventh  year  of 
the  "secondary"  period)  into  a  single  coherent  course  in  "mathe- 
matics." This  work  is  still  in  the  experimental  stage  and  it  is 
too  early  to  speak  of  its  probable  outcome. 

The  simultaneous  teaching  of  algebra  and  geometry,  in  lieu  of 
their  successive  teaching,  has  also  been  proposed,  but  has  hitherto 
been  undertaken  by  an  exceedingly  small  number  of  institutions. 
The  juxtaposition  of  the  two  subjects  is  readily  feasible  under 
existent  conditions*  and  would  make  attainable  most  of  the  de- 
sirable features  of  fusion,  without  requiring  the  thorough  re- 
organization of  the  work  which  the  latter  demands.  This  plan 
calls  for  a  more  or  less  nearly  equal  division  of  time  between  the 
two  subjects  annually,  but  by  no  means  requires  that  the  time  of 
each  week  or  month  be  so  divided. 

Personally,  I  believe  firmly  in  the  simultaneous  teaching  of 
algebra  and  geometry  rather  than  in  the  tandem  teaching  of 
these  subjects  that  is  in  vogue  in  America.  The  experience  of 
the  world  as  a  whole  amply  justifies  this  belief  and  I  need  not 
argue  the  question  here.    Such  simultaneous  teaching  offers  the 
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possibility  of  considerable  use  of  the  methods  of  each  subject  in 
the  treatment  of  the  problems  of  the  other,  and  pains  should  l)e 
taken,  especially  in  America,  to  utilize  these  possibilities.  I 
should  like  to  see  the  two  subjects  taught  as  coordinated,  mutu- 
ally helpful  fields  of  mathematics,  and  believe  that  the  impenetra- 
ble wall  that  has  so  long  separated  them  in  America  should  be 
torn  down  or  pierced  with  an  abundance  of  doors,  making  it 
possible  to  pass  from  one  field  to  the  other  at  will.  But  the  re- 
moval of  the  wall  will  not  alter  the  essential  character  of  the 
fields.  If  one  was  a  plain,  the  other  a  hillside,  they  will  remain 
as  they  were  after  the  wall  is  torn  down. 

It  seems  to  me  that  the  fields  of  algebra  and  geometry  are  es- 
sentially different,  both  in  ground  covered,  and  in  method  used. 
These  differences  seem  sufficient  to  preclude  the  possibility  of 
fusion  of  the  two  into  a  homogeneous  whole  that  shall  be  neither 
algebra  nor  geometry,  but  a  real  composite  of  the  two.  And  it 
would  impress  me  as  a  distinct  loss,  if  anyone  should  ever  prove 
ingenious  enough  to  fuse  into  a  neutral-tinted  average  these  two 
fields  and  methods  of  thought  each  so  vivid  and  well  marked. 
I  wish  my  roast  beef  and  sweet  coordinated  in  a  single  dinner, 
but  I  do  not  wish  them  fused  into  a  single  dish. 

(&)  Plane  and  Solid  Geometry;  {c)  Plane  Geometry  and 
Trigonometry;  (d)  Solid  Geometry  and  Descriptive  Geometry, 
I  have  not  pven  sufficient  attention  to  the  question  of  the  fusion 
of  these  pairs  of  subjects,  to  say  much  of  value.  So  far  as  I 
know,  these  cases  of  fusion  have  not  been  attempted  or  seriously 
considered  in  America,  and  whatever  their  theoretic  merits,  the 
time  is  not  as  yet  ripe  for  their  introduction  in  this  country.  For 
an  American  the  questions  of  the  desirability  of  the  fusion  of  these 
branches  is  to-day  entirely  an  abstract  one,  and  thus  its  consid- 
eration is  likely  to  be  crowded  out  by  that  of  other  changes  which 
could  more  readily  be  undertaken  now  if  found  desirable.  In  the 
abstract,  and  on  the  basis  of  very  casual  consideration,  I  am  by 
no  means  convinced  that  it  would  be  desirable  to  fuse  these  sub- 
jects in  the  first  courses  therein. 

It  would,  however,  seem  to  be  an  excellent  plan  to  group  to- 
gether in  the  course  in  solid  geometry,  various  sets  of  analogous 
theorems  from  plane  and  solid  geometry.  This  might  be  done 
towards  the  close  of  the  course  in  solid  geometry,  and  in  connec- 
tion with  a  summary  and  review  of  both  subjects. 

Hn  the  general  absenee  of  central  leffislation,  It  is  possible  in  the  great  mi^Jority  of 
instances,  for  simple  schools  on  local  systems  independently  to  make  a  change  of  this 
sort  whenever  they  wish  to  do  so. 
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It  may  perhaps  be  worth  while  to  define  the  trigonometric  func- 
tions for  acute  angles  in  connection  with  the  study  of  similar 
right  triangles,  and  to  introduce  and  use  tables  of  the  natural 
values  of  these  functions  in  the  solution  of  right  triangles.  The 
definitions  may  then  be  extended  to  obtuse  angles,  and  the  formu- 
las necessary  for  the  solution  of  oblique  triangles  proved  geomet- 
rically and  used  in  the  solution  of  simple  problems.  When  alge- 
bra and  geometry  are  taught  simultaneously,  logafithms  may  be 
taken  up  in  the  algebraic  work  shortly  before  the  trigonometric 
functions  are  studied,  thus  making  possible  the  use  of  logarithmic 
tables  also.  While  this  measure  of  study  of  the  trigonometric 
functions  seems  promising  as  a  part  of  plane  geometry,  I  feel 
by  no  means  sanguine  about  the  early  introduction  of  the  more 
general  portions  of  the  subject,  such  as  the  definition  of  positive 
and  negative  angles  of  any  magnitude  and  of  the  trigonometric 
functions  of  such  angles,  the  general  proof  of  the  relations  be- 
tween the  functions  of  x  and  of  angles  of  the  type  —  ±x   the 

addition  formulas  and  their  consequences,  and  the  like.  It  would 
seem  safer  to  reserve  this  portion  of  what  is  ordinarily  given 
under  the  head  "trigonometry"  for  the  closing  year  or  so,  of  the 
secondary  period,  that  is,  for  the  freshman  year  in  college  or 
possibly  under  favorable  circumstances,  the  fourth  year  of  the 
high  school. 

{e)  Synthetic  and  Analytic  Geometry  of  the  Conic  Sections, 
No  attempt  has  been  made  in  America,  to  my  knowledge,  to  fuse 
these  two  modes  of  treatment.  The  consensus  of  opinion  seems  to 
be  that  the  development  of  the  new  and  important  method  of 
analytic  geometry  is  of  the  first  consequence  and  that  it  would 
be  hampered  rather  than  aided  by  treating  the  problems  taken 
up  by  the  synthetic  methods  which  are  already  familiar  to  the 
student.  The  American  student  of  analytic  geometry  is  seldom 
under  eighteen  years  of  age  and  often  over  twenty,  and  has 
sufficiently  well-developed  powers  of  attention  and  concentra- 
tion to  follow  to  advantage  a  prolonged  development  by  the 
analytic  method  only.  It  is,  however,  well  worth  while  consider- 
ing whether  a  collegiate  course  in  synthetic  geometry  of  some 
sort,  quite  possibly  of  the  conic  sections,  might  not  well  be  in- 
troduced in  America.  At  present,  the  high  school  work  in  alge- 
bra is  continued  in  college  by  college  algebra,  the  theory  of 
equations  and  the  like,  but  there  is  no  corresponding  continuation 
of  the  work  in  elementary  synthetic  geometry.     Hence  the  stu- 
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dent's  algebraic  knowledge  is  increased  and  his  algebraic  hori- 
zon widened  by  his  collegiate  work,  but  his  knowledge  of  ele- 
mentary synthetic  geometry  is  not  directly  increased  at  all.  Even 
after  considerable  study  of  mathematics  when  he  goes  out  from 
college  or  university,  he  finds  himself  facing  his  class  in  geometry 
as  teacher  with  only  that  knowledge  of  the  subject  which  he  ob- 
tained in  a  similar  class  as  pupil. 

(/)  The  Differential  and  the  Integral  Calculus.  The  fusion 
of  these  two  subjects  to  various  extents  has  been  tried  in  America 
without,  so  far  as  I  know,  any  decisive  outcome.  I  take  it  that 
few  favor  the  closest  possible  measure  of  fusion,  that  is,  the 
definition  at  the  outset  of  the  three  fundamental  concepts  of  the 
calculus — ^the  derivatives,  the  indefinite  integral,  and  the  definite 
integral — and  the  immediate  treatment  of  every  problem  as  far 
as  feasible  from  each  of  these  points  of  view.  On  the  other 
hand,  few  would  favor  the  other  extreme,  of  a  prolonged  and 
detailed  course  in  the  differential  calculus  before  ever  the  elements 
of  integral  calculus  are  introduced.  After  experimenting  with  vari- 
ous possibilities  my  own  present  practice  is  first  to  carry  the  work 
in  differential  calculus  to  the  extent  of  covering  the  differentia- 
tion of  the  usual  functions  and  their  combinations  by  the  usual 
operations,  the  successive  derivatives  of  simple  instances  of  such 
functions,  curve  tracing  (use  of  first  and  second  derivative); 
maxima  and  minima,  simple  treatment  of  Maclaurin's  and  Tay- 
lor's series  with  easy  applications.  This  is  followed  by  a  very 
elementary  study  of  the  indefinite  integral,  which  in  turn  is  fol- 
lowed by  a  brief  treatment  of  the  definite  integral.  The  deg^ree 
of  maturity  of  the  American  student  of  the  calculus  is  such  that 
this  treatment  of  the  inverse  problem  stands  in  sufficiently  close 
juxtaposition  with  the  direct  problem  to  permit  the  full  utiliza- 
tion of  their  mutual  interrelations  while  his  adult  mind  is  not  dis- 
tracted by  frequent  dropping  and  resuming  of  unfinished  topics, 
but  is  satisfied  by  the  treatment  of  each  topic  with  a  certain  degree 
of  completeness.  I  have  found  this  distribution  of  the  subject- 
matter  on  the  whole  more  satisfactory  than  the  closer  fusions 
which  I  have  tried.  It  is  a  simultaneous  teaching  of  the  two  in 
a  single  course,  but  not  properly  a  fusion. 
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the  teaohing  of  abtthmetio. 

By  Arthur  G.  Smith, 
State  University  of  Iowa. 

Years  of  teaching  both  in  high  school  and  college,  as  well  as 
observation  of  school  children  in  various  grades,  have  convinced 
the  writer  that  in  the  light  of  the  results  attained  there  is  good 
ground  for  much  of  the  criticism  of  present-day  school  methods. 
It  is  the  purpose  of  the  writer  to  offer  some  criticisms  on  these 
methods,  to  point  out  certain  faults,  and  to  make  a  few  sugges- 
tions that  seem  warranted,  hoping  thus  to  express  some  perhaps 
old  ideas  in  a  form  that  may  seem  new  and  carry  conviction  be- 
cause of  their  new  dress. 

The  dominant  question  in  our  restless  American  life  is  how  to 
get  the  greatest  returns  with  the  least  outlay  of  time  and  effort. 
Business  men  everywhere  are  complaining  that  the  schools  are 
not  practical,  that  the  pupils  know  nothing  definitely  when  they 
leave  the  high  school,  and  that  they  are  unable  to  make  any  ap- 
plication of  their  knowledge  to  everyday  life.  The  question  then 
in  the  public  school  world  is,  Can  we  not  attain  a  greater  efficiency 
in  mental  training  in  less  time?  The  average  pupil  may  be  ex- 
pected to  give  a  certain  amount  of  time  and  energy  to  his  school 
work,  but  we  need  not  expect  to  change  materially  the  char- 
acter of  school  children  in  this  respect  by  the  adoption  of  any 
new  pedagogic  principles. 

On  account  of  the  importance  of  arithmetic  in  education  with 
its  universal  application  to  everyday  life,  this  article  will  refer 
entirely  to  that  subject,  although  much  of  what  is  said  along 
this  line  may  apply  equally  well  to  other  branches. 

The  fault  at  present  in  the  results  attained  in  the  study  of 
arithmetic  is  that  the  pupils  have  not  grasped  the  fundamentals. 
Since  no  one  can  tell  what  are  the  fundamentals  in  a  subject 
until  he  has  mastered  it  together  with  its  more  advanced  appli- 
cations in  allied  subjects,  it  is,  in  general,  the  teacher  who  must 
determine  what  are  the  essentials  that  shall  be  taught.  Some 
of  the  reasons  for  the  failure  of  the  pupils  to  grasp  fundamen- 
tals I  will  try  to  point  out  in  detail. 

Sometimes  the  teacher  cannot  teach,  or  more  often  does  not 
know  enough  "around"  the  subject  to  say  himself  what  is  funda- 
mental and  what  is  only  bric-a-brac ;  again  the  text  may  not  be 
logical  and  the  student  is  swamped  in  work  for  which  he  is  un- 
prepared; again,  the  principles  are  concealed  in  a  haze  of  petty 
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details  or  methods  of  solution,  the  result  being  that  the  pupil  is 
so  puzzled  and  worried  over  the  "method"  to  be  used  that  he 
never  suspects  an  underlying  simple  principle,  the  understanding 
of  which  would  make  solution  self-evident.  If  the  principles 
were  clear  the  student,  instead  of  learning  a  solution,  would 
simply  know  it. 

I  do  not  maintain  that  the  texts  do  not  c(Hitain  the  essentials, 
nor  that  the  teachers  do  not,  in  the  course  of  the  work,  cover 
them.  What  is  wrong  is  this:  the  teacher  does  not  present  the 
essentials  of  the  subject  in  such  a  way  to  the  pupils  that  they 
recognize  them  as  such. 

Arithmetic  owes  its  important  position  in  the  school  curriculum 
to  two  reasons.  First,  it  teaches  certain  fundamental  facts  and 
processes  which  everyone  must  use;  secondly,  it  offers  a  mental 
drill  that  is  more  complete,  more  definite,  and.  more  insistent 
than  any  other  branch  taught  in  the  secondary  schools.  If  this 
mental  discipline  is  to  be  of  any  effect  arithmetic  must  be  so 
taught  as  to  compel  this  logical  mental  drill,  and  this  will  be 
attained  not  by  a  great  number  of  memorized  processes  or  dif- 
ferent methods  of  solution,  but  by  a  few  clearly  cut  principles, 
mastered  and  then  applied  to  largely  obvious  solutions.  Arith- 
metic rightly  taught  coimteracts  the  tendency  to  memorize  or  to 
use  certain  solutions  "because  the  book  says  so,"  and  it  is  more 
true  in  this  than  in  any  other  subject. 

Let  us  examine  a  modern  arithmetic,  pne  actually  in  use  and 
in  the  hands  of  thousands  of  children.  For  the  purpose  of  illus- 
tration let  us  take  the  subject  of  simple  interest.  Here  interest 
is  treated  from  the  simple  standpoint  of  money  paid  for  the  use 
of  money  at  so  much  per  dollar  for  the  period  of  a  year,  and  at 
a  proportional  rate  for  fractions  of  a  year.  This  is  the  funda- 
mental principle  and  is  treated  by  aliquot  parts  by  the  pupil  as 
a  matter  of  common  sense.  Now  to  stop  here  would  be  too  easy, 
so  next  is  given  the  six  per  cent  method,  then  exact  interest, 
then  more  applications  of  the  six  per  cent  method,  for  computing 
interest  at  four  per  cent,  etc.;  then  exact  interest,  using  the 
principles  of  cancellation ;  then  interest  with  the  use  of  banker's 
tables.  I  have  taken  exactly  what  is  given  in  the  particular  text 
I  have  at  hand.  Now,  anyone  who  knows  practical  life  knows 
that  there  are  just  two  systems  in  actual  use,  the  first  a  standard 
method  used  ordinarily  by  everyone,  and  the  other  the  interest 
tables  followed  in  the  banks.  The  six  per  cent  method  has  no 
application  outside  of  the  school-teacher's  mind.    It  is  only  the 
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constant  worker  in  any  method  of  application  who  uses  short 
methods.  However  simple  the  fundamentals  may  be  the  pupil 
is  dragged  with  such  unseemly  haste  from  one  method  to  another 
that  he  acquires  no  facility  in  any  one  of  them  and  loses  all  sight 
of  an  underlying  general  principle.  It  is  to  be  remembered  that 
these  methods  are  being  taught  to  children  of  twelve  and  thir- 
teen, on  the  average.  It  is  also  suggested  that  the  teacher  would 
learn  some  valuable  facts  if  they  would  find  out  how  many  pupils 
are  receiving  help  at  home. 

In  order  to  cover  the  work  laid  out  the  assignments  for  les- 
sons are  often  too  long;  the  conscientious  pupil  is  worried  and 
overtaxed,  the  weaker  one  becomes  discouraged  and  stops  after 
a  few  problems  because  he  cannot  complete  the  full  number, 
when  on  the  other  hand  had  fewer  been  given  he  might  have 
worked  to  the  end.  To  give  an  actual  illustration  of  the  time 
and  patience  required  for  working  problems,  I  will  cite  the  case 
of  a  teacher  who  gave  fifteen  problems,  all  of  which  she  could 
solve  in  forty  minutes.  A  child  from  the  class,  one  above  the 
average,  took  ten  minutes  to  solve  and  copy  one  problem  as 
desired  by  the  teacher,  ten  minutes  to  each  problem;  in  other 
words,  it  was  a  two  and  a  half  hour  lesson. 

The  treatment  of  stocks  and  bonds  might  be  of  some  value 
were  the  pupil  old  enough  to  understand  it,  but  taught  to  mere 
babes  it  is  rubbish.  Life  insurance  principles  are  taught  to  chil- 
dren at  an  age  when  they  never  give  a  thought  to  the  morrow 
and  what  is  more  they  do  not  want  to  think  of  it.  Fire  and 
marine  insurance  are  dragged  in,  each  one  as  something  en- 
tirely different  from  anything  preceding,  instead  of  treating  it 
as  a  fundamental  principle  of  percentage. 

A  large  share  of  the  practical  applications  of  arithmetic  are 
given  to  children  at  such  an  age  that  they  cannot  possibly  grasp 
their  meaning,  and  it  is  not  their  fault.  They  are  kept  con- 
stantly memorizing  facts  which  would  in  a  short  time  become 
a  matter  of  common  knowledge.  Again  the  subject-matter  is 
too  advanced  and  the  result  is  that  the  class  is  constantly  striv- 
ing to  climb  a  stone  wall  without  adequate  equipment  in  the 
nature  of  clear  concepts  of  fundamental  principles. 

The  various  methods  of  handling  a  problem  should  be  reduced 
for  the  benefit  of  the  student  to  those  simple  methods  that  fol- 
low most  closely  the  elements  of  good  logic.  He  should  be 
taught  by  a  cyclic  method  and  should  by  the  introduction  of 
many  problems  through  the  entire  work  be  compelled  to  use 
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principles  not  found  at  all  in  the  article  under  consideration; 
this  frequent  return  to  previous  chapters  but  always  to  one 
standard  method  will  fix  in  mind  the  principles  beyond  ques- 
tion. Young  pupils  do  not  realize  that  in  general  different  meth- 
ods mean  only  methods  of  attack  on  the  same  thing,  but  they 
arc  kept  so  busy  in  memorizing  that  they  have  no  time  to  acquire 
facility  in  operation  or  to  reason  on  principles. 

If  the  teachers  will  eliminate  most  of  the  different  methods  of 
doing  the  same  thing  they  will  find  there  is  plenty  of  time  to 
cover  the  work  and  at  the  same  time  make  better  workers.  The 
limits  of  this  paper  will  not  permit  the  consideration  of  the  art 
of  computation  but  here  much  time  may  be  gained  by  the  care- 
ful teacher  who  adopts  in  the  beginning  correct  methods  and 
adheres  to  them  so  consistently  that  the  pupils  come  to  use  them 
with  speed  and  accuracy. 

I  would  here  suggest  two  helpful  principles  which  I  believe 
are  of  constant  value.  First,  have  the  pupils  cultivate  the  habit 
of  forming  an  idea  of  what  would  be  a  rational  answer,  as  in 
doing  this  they  will  usually  detect  errors  in  any  proposed  solu- 
tions; and  second,  use  the  principles  of  cancellation;  from  the 
first  day  its  principles  can  be  taught  and  understood;  this  alone 
is  of  more  value  for  saving  time  in  ordinary  computation  than 
all  other  devices  available. 


NOTES. 


At  the  recent  meeting  of  the  Mathematics  and  Science  Section  of  the 
Central  California  Teachers'  Association,  the  following  resolution  received 
the  hearty  endorsement  of  the  members  present: 

"Resolved  that  the  members  of  the  Mathematics  and  Science  Section 
of  the  Central  California  Teachers'  Association  most  heartily  commend 
the  work  of  the  National  Committee  of  Fifteen  on  geometry  syllabus  as 
a  marked  step  in  the  right  direction." 

The  twenty-fourth  educational  conference  of  secondary  schools  in  rela- 
tions with  the  University  of  Chicago  was  held  at  the  University  on  Fri- 
day and  Saturday,  April  19,  20,  1912.  The  conference  was  based  upon  the 
visitation  of  college  classes  by  high  school  teachers  during  the  year. 
There  were  eleven  departmental  conferences  in  which  the  reports  of  these 
visitors  were  presented  in  detail  on  Friday  afternoon,  and  all  of  their 
programs  were  summarized  at  the  general  meeting  on  Saturday  morning. 
This  is  the  first  conference  of  this  kind  ever  held,  it  is  believed,  and  it 
was  so  successful  that  it  will  be  repeated  next  year.  On  Friday  evening 
there  was  the  annual  prize  contest  in  public  speaking  at  which  one  young 
man  and  one  young  woman  won  prize  scholarships  worth  $120  each.  In 
the  afternoon  also  there  were  prize  examinations  in  several  subjects,  in- 
cluding mathematics,  German,  English,  Latin,  etc,  in  each  of  which  a 
scholarship  of  $120  was  the  prize. 
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0ON8TBU0TIVE  SUGGESTIONS  FOB  HIGH  SCHOOL  MATHE- 
MATICS.' 

By  a.  W.  Whitney, 
Associate  Professor  of  Insurance  and  Mathematics,  University 

of  California, 

There  is  a  considerable  percentage  of  students  who  seem  im- 
pervious to  mathematics;  if  they  master  the  subject  at  all  it  is 
only  in  a  mechanical  way  and  the  matter  takes  no  deep  hold  upon 
them.  There  are  others  who  have  that  peculiar  quality  of  imag- 
ination that  tunes  the  spirit  so  that  even  the  slender  breeze  of 
mathematics  sets  it  into  motion.  Some  of  those  that  do  not 
understand  have  no  minds  but  with  others  the  mind  resounds 
only  when  the  earth  itself  is  struck. 

I  suppose  it  is  almost  an  axiom  in  the  theory  of  teaching 
to-day  that  there  must  be  adaptation  to  the  student.  Not  all  are 
to  be  forced  through  the  same  discipline  and  either  bent  into 
shape  or  cast  away ;  that,  like  the  competitive  system,  is  too  waste- 
ful and  modern  criteria  of  efficiency  will  not  tolerate  it.  It  neg- 
lects the  fact  that  the  result  is  to  be  measured  by  what  is  assim- 
ilated, not  by  what  is  swallowed ;  it  would  measure  the  result  in 
sufferings  of  the  flesh  instead  of  in  the  growth  of  the  spirit. 

Among  these  boys  and  girls  from  city  and  ranch  and  of  every 
race  that  we  find  in  our  classes  it  is  our  duty  not  merely  to  help 
those  that  are  able  to  understand  and  that  will  understand,  how- 
ever bad  our  teaching,  but  to  touch  the  inner  life  of  everyone. 
It  is  a  privilege  to  help  to  make  scholars  but  it  is  our  duty  to 
help  boys  and  girls  to  discover  the  universe  of  their  own  minds. 

The  trailing  clouds  of  glory  that  these  youngsters  bring  with 
them  cut  off  the  light  of  our  mathematical  teaching.  The  fact 
is  the  young  things  are  full  of  life  and  they  are  living  in  a  very 
real,  concrete  world.  The  universe  to  them  is  not  points  and 
lines  and  s)mibols,  but  big  and  solid  and  living;  and  if  they  are 
to  be  touched  they  must  be  touched  where  their  spirits  have 
opened  to  its  generous  influence.  This  is  far  from  the  point 
that  is  touched  by  the  thin,  austere  discipline  of  mathematics. 
Mathematics  is  at  the  other  end  of  the  series;  it  is  the  sub- 
limated spirit  of  the  universe;  physics,  chemistry,  biology,  phi- 
losophy, all  must  come  to  it  as  they  become  more  perfect,  as  we 
see  beneath  the  wrappings  to  the  form  within;  but  only  after 


Xa  paper  rMd  at  the  ICaUieiiiatlct  Section  of  the  meeting  of  the  California  Teachers 
AModatioB  at  Stockton.  CaUfomia.  December  28, 1911. 


Digitized  byVjOOQlC 


462  SCHOOL  SCIENCE  AND  MATHEMATICS 

millenniums  of  gropings  of  the  senses  has  the  mind  gained  this 
vantage  point  and  claimed  its  supremacy.  The  boy  physically 
and  mentally  is  following  the  law  of  evolution,  the  law  of  biolog- 
ical recapitulation — he  is  living  over  the  life  of  the  race.  His 
own  fresh  spark  of  life  is  being  fanned  by  the  same  winds  that 
coaxed  the  genius  of  his  race  into  flame.  Why  then  in  our 
teaching  should  we  not  follow  the  same  course?  Give  him  gen- 
erous conceptions  around  which  the  senses  can  wrap  themselves. 
Let  mathematics  come  finally  to  be  the  living  spirit  of  a  fully 
vitalized  conception  instead  of  an  empty  shell. 

Mathematics,  most  of  it,  was  not  spun  in  its  present  form;  it 
was  the  clothing  of  lusty  physical  facts.  But  when  it  was  found 
that  the  same  clothing  could  be  worn  by  many  facts  and  finally 
that  it  could  even  stand  alone,  with  its  fellows  it  was  set  up  in 
an  armory.  But  it  takes  a  great  deal  of  imagination  to  feel  the 
glory  of  knighthood  and  battle  through  looking  at  armor;  it  is 
more  likely  to  seem  rusty  and  creaking. 

It  is  obvious  what  ought  to  be  done — in  our  teaching  we  must 
give  mathematics  a  body.  Throw  up  the  windows  and  let  in  a 
fact  or  two — bare  facts;  turn  them  over,  enjoy  the  mystery  of 
their  being,  let  the  senses  feast  on  their  fatness,  dance  about 
them  for  pure  joy  of  their  wholesomeness  and  then  finally  fit 
them  out  decently  and  becomingly  with  a  mathematical  dress. 

It  is  not  easy  to  do  this ;  it  is  easier  to  feed  extracts  than  to 
provide  the  kind  of  food  that  the  living  body  really  demands; 
it  is  easier  to  put  your  hand  in  your  pocket  and  throw  two  bits 
to  an  unfortunate  than  to  give  him  the  sympathy  that  he  really 
needs.    It  is  always  hard  to  do  the  vital  thing. 

I  will  attempt  to  give  an  example  or  two.  There  is  a  little 
group  of  theorems  in  solid  geometry  upon  which  the  subject  of 
perspective  drawing  rests ;  the  theorems  in  themselves  are  rather 
obvious,  somewhat  difficult  logically,  and  students  think  them 
stupid,  but  they  come  to  life  most  wonderfully  when  they  are 
interpreted  as  the  laws  of  perspective.  Even  the  simplest  is  none 
too  simple  to  be  the  hero  in  a  paradox.  The  few  times  when  I 
have  had  a  class  in  solid  geometry  we  have  made  a  short  ex- 
cursion into  perspective  and  while  it  necessitated  the  slighting  of 
some  other  parts  of  the  subject  I  have  always  felt  that  it  was 
well  worth  while;  and  I  venture  to  say  that  that  is  the  part  of 
the  course,  if  any,  that  stands  out  in  the  students'  memory. 

The  problems  of  descriptive  geometry  furnish  a  wealth  of  il- 
luminating material.    The  very  fact  that  you  can  draw,  that  the 
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use  of  ruler  and  compass  gives  you  a  freedom  that  you  could 
not  have  if  you  were  bound  down  to  the  results  of  pure  reason- 
ing, makes  it  possible  to  do  in  an  elementary  way  most  fascinat- 
ing things — to  build  boats  for  instance  and  to  do  the  curious 
feats  of  the  tinsmith  in  fashioning  metals  into  strange  shapes. 
Nothing  could  give  the  student  a  better  basis  for  analytical 
study,  for  analytic  geometry  for  instance;  for  the  subject-mat- 
ter is  now  in  mind  and  all  that  remains  to  be  done  is  for  the 
mind  to  take  over  that  part  of  the  process  that  has  been  per- 
formed by  the  ruler  and  the  compass.  The  humble  templet,  for 
instance,  which  the  tinsmith  uses  for  cutting  stovepipes,  turns 
out  to  be  our  respected  friend,  the  sine-curve. 

If  you  will  allow  me  I  will  give  you  as  another  example  our 
experience  in  the  university  in  teaching  mathematics  to  the  stu- 
dents of  the  college  of  commerce.  These  boys  come  to  the  uni- 
versity in  most  cases  with  minds  peculiarly  unopen  to  the  influ- 
ence of  abstract  mathematics.  They  are  for  the  most  part  boys 
who  look  forward  very  definitely  to  a  business  career  and  the 
problems  of  the  dollar  ar6  already  uppermost.  This  type  per- 
haps does  not  interest  you ;  that  is  hardly  the  point,  however. 
They  will  become  men  of  weight  in  the  community;  shall  we 
force  a  discipline  upon  them  which  is  distasteful  and  unproduc- 
tive of  valuable  results,  or  shall  we  take  the  material  as  we  find 
it  and  adapt  our  instruction  toward  the  point  at  which  their 
minds  are  open?  As  an  actual  fact  the  situation  in  the  univer- 
sity a  few  years  ago  was  acutely  painful  and  it  demanded  a  rad- 
ical treatment.  So  we  said,  "Very  well,  we  will  not  teach  you 
algebra,  we  will  teach  you  bonds  and  sinking  funds."  So  a 
course  was  laid  out  in  which  the  subject-matter  was  wholly  eco- 
nomic— ^the  nominal  subject-matter,  yes,  but  the  method  was 
mathematical.  We  taught  them  the  same  things  as  before,  theory 
of  equations,  logarithmic  and  exponential  theory,  series,  bi- 
nomial theorem,  permutations  and  combinations,  calculus. 
The  theory  of  interest  carried  us  into  every  department  of 
algebra  and  as  much  farther  as  the  spirit  moved  us  to  go. 

The  difference  in  the  results,  however,  was  very  great.  Where 
there  had  been  indifference  and  painfully  poor  scholarship  there 
arose  at  once  alertness  and  vigor  of  thought,  and  the  class  in- 
stead of  having  to  be  dragged  has  in  general  to  be  held  back. 
The  new  matter  as  it  comes  up  is  very  largely  anticipated  by  the 
questions  of  the  class  and  the  instructor  is  amused  to  be  told 
that  the  course  is  the  most  "practical"  one  in  the  college — a 
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remark  which  of  course  only  indicates  that  the  work  has  reached 
a  vital  point. 

The  method  is  of  course  to  introduce  facts  and  problems  of 
economics  at  once.  If  there  happen  to  be  lying  around  in  the 
minds  of  the  class  any  fairly  good  pieces  of  mathematical  knowl- 
edge, they  are  fitted  to  the  facts,  but  you  may  be  sure  that  the 
instructor  uses  every  opportunity  to  point  out  the  incomplete- 
ness of  the  wardrobe  and  the  alternative  soon  arises  of  letting 
facts  go  bare  or  else  spinning  some  new  mathematics.  So  we 
cheerfully  sit  down  to  spin  and  weave  and  the  work  goes  on 
almost  as  properly  as  in  any  other  mathematics  factory— only 
we  have  to  stop  every  now  and  then  for  "tryings-on."  A  few 
remnants  we  give  in  the  goodness  of  our  hearts  to  physics  or 
psychology  or  any  other  deserving  beggar,  not  because  we  could 
not  use  them,  at  least  for  neckties,  but  to  encourage  altruism. 

And  what  have  we  when  we  are  through?  Well,  first  and 
most  evidently,  a  fairly  serviceable  suit  of  clothes  for  an  impor- 
tant part  of  economics,  good  enough  if  not  used  too  hard  and 
even  with  a  bit  of  style.  And  what  else?  That  is  only  part  of 
the  greater  question :  what  are  any  of  us  getting  from  our  spin- 
ning and  weaving— only  the  clothes  for  our  backs  ? 

If  there  is  one  element  more  than  another  that  characterizes 
our  present  age  it  is  the  consciousness  that  the  life  of  the  spirit 
is  in  the  things  of  the  world  rather  than  by  means  of  them,  that 
life  is  only  the  spiritual  side  of  living.  If  our  culture  is  crude 
to-day  it  is  because  in  the  process  of  readjustment  and  assimila- 
tion it  is  all  being  boiled  up  from  the  bottom.  We  have  been 
flooded  with  new  facts  and  new  conditions  of  life;  the  world 
has  pressed  in  upon  us  and  the  old  vessels  with  the  old  culture 
have  quite  overflowed. 

And  what  does  it  all  mean?  A  message  of  great  hope,  that 
culture  is  not  a  delicate  plant  that  must  be  nourished  with  a 
favored  soil  and  sun  but  that  the  roots  of  the  spirit  striking 
into  any  soil  can  find  a  nourishment  that  it  can  transmute  into 
flowers.  And  that  is  why  there  is  salvation  for  the  bricklayer 
and  the  stevedore  and  even  the  college  professsor  and  that  is 
why  you  can  teach  a  class  bonds  and  have  it  turn  into  mathe- 
matics and  that  is  why  there  is  hope  for  the  technical  school. 

I  will  not  admit  that  even  in  the  most  utilitarian  technical 
school  something  more  than  mere  technique  is  not  being 
taught,  in  fact,  something  more  important.  Technical  schools 
are  schools  of  culture  or  else  the  world  itself  is  hopelessly  wrong; 


Digitized  byLjOOQlC 


SUGGESTIONS  FOR  HIGH  SCHOOL  MATHEMATICS     465 

for  a  school  is  only  a  microcosm ;  the  only  difference  is  that  we 
are  playing  with  life,  there  are  no  bullets  in  our  cartridges.  It 
is  not  the  misfortune  of  a  technical  school  that  it  must  concern 
itself  with  bricks  and  mortar  and  engines  and  bridges  instead  of 
with  Greek,  but  it  is  its  peculiar  strength  and  good  fortune  to 
be  able  to  distill  a  culture  from  such  humble  materials.  Art  is 
long  and  time  is  short  and  if  we  can  live  while  we  are  preparing 
to  live,  if  we  can  get  our  culture  at  the  same  time  that  we  are 
learning  to  get  our  livelihood,  we  are  not  only  doing  something 
very  thrifty  in  a  world  where  there  is  so  much  good  living  to  do 
but  we  are  doing  something  that  is  apparently  very  much  in  line 
with  the  philosophy  of  the  universe. 

I  am  not  speaking  for  a  weakened  mathematics ;  there  is  only 
one  mathematics.  Professor  Keyser  says,  "Applied  mathematics 
is  mathematics  simply  or  is  not  mathematics  at  all.  The  mathe- 
matization  of  thought  *  *  *  means  the  growth  of  mathe- 
matics itself,  its  extension  and  development  from  within;  it 
signifies  the  continuous  revelation,  the  endlessly  progressive  com- 
ing into  view,  of  the  static  universe  of  logic ;  *  *  *  the  up- 
ward striving  of  thought  everywhere  to  the  level  of  cogency, 
precision,  and  exactitude."  I  am  not  speaking  about  mathemat- 
ics at  all  per  se;  I  am  speaking  for  teaching  mathematics  so  that 
it  cuts  through  a  real  field  of  force  and  sets  a  current  going  in 
the  spirit,  for  otherwise  what  is  the  use? 


LBGXTMES  IK  A  NEW  BOLE. 

Everybody,  nowadays,  knows  that  legumes  add  nitrogen  to  the  soil 
they  grow  in  for  the  reason  that  they  have  certain  bacteria  living  on  their 
roots  that  take  nitrogen  from  the  air  and  fix  it  in  the  soil  in  a  form  that 
plants  can  use,  but  it  is  not  well  known  that  legumes,  in  some  way 
actually  facilitate  the  absorption  of  nitrogen  by  other  plants  when  grown 
with  them.  Timothy  grass  grown  with  such  other  legume  forage  crops 
as  alfalfa,  red  clover,  and  peas  showed  a  gain  in  protein  content  of 
from  fifty  to  one  hundred  and  sixty  pounds  per  ton,  the  protein,  of 
course,  requiring  nitrogen  in  its  composition.  This  gives  an  additional 
reason  for  the  custom,  common  among  farmers,  of  growing  clover  and 
grasses  together.  For  more  than  a  hundred  years  the  fact  that  a 
legume  might  aid  a  non-legume  to  obtain  a  store  of  nitrogen  when  grown 
with  it,  has  been  hinted  at,  but  it  is  only  recently  that  careful  experi- 
ments have  placed  the  supposition  upon  a  solid  basis  of  proof. — American 
Botanist. 
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THE  TIME-PLACE  OF  PHTSIOGBAPHT  IN  THE  HIGH 
SCHOOL.' 

By  Kirtley  F.  Mather^ 
University  of  Arkansas,  Fayetteville, 

Of  the  proposing  of  reforms  there  is  no  end.  In  these  days 
of  reformative  movements — political,  social,  educational,  wise 
and  otherwise — it  is  hardly  necessary  for  a  newcomer  into  the 
arena  of  reform  to  offer  an  apology  for  presenting  his  proposi- 
tion. We  have  become  so  accustomed  to  the  discovery  that  pres- 
ent conditions  are  entirely  deplorable,  that  present  customs  are 
relics  of  barbarism,  that  we  no  longer  are  startled  by  such  dis- 
coveries. It  is,  however,  with  a  feeling  of  hesitancy  that  I  ap- 
proach the  subject  which  has  been  assigned  to  me,  for  I  appre- 
ciate that  one  who  like  myself  is  versed  in  a  special  scientific  line 
rather  than  in  the  broad  field  of  pedagogy  can  enter  that  field 
only  by  the  courtesy  of  those  whose  experience  therein  is  of 
long  duration.  It  shall  be  my  intention,  therefore,  to  discuss 
the  subject  of  the  time-place  of  physiography  in  the  high  school 
from  the  standpoint  of  what  is  best  fitted  for  the  needs  and  de- 
velopment of  the  high  school  student  rather  than  from  the 
standpoint  of  the  special  teacher  of  that  science. 

Physiography  as  a  science  may  be  said  to  have  had  its  origin 
when,  at  the  beginning  of  the  nineteenth  century,  Pestalozzi  took 
the  children  in  his  school  out  into  the  fields,  leading  them  along 
the  streams,  through  the  forests  and  across  the  hills,  pointing 
out  to  them  the  facts  of  nature  which  they  could  observe.  The 
science,  however,  did  not  begin  to  command  much  attention  in 
America  until,  in  1893,  the  report  of  the  Geography  Conference 
to  the  Committee  of  Ten  gave  it  new  impetus.  Three  years 
later,  25^/$  per  cent  of  the  pupils  in  high  schools  were  studying 
physiography,  according  to  the  report  of  the  Commissioner  of 
Education,  and  since  that  time  it  has  been  offered  in  the  science 
course  of  nearly  all  high  schools  in  this  country.  Of  recent 
years  there  has  been  a  growing  sentiment  against  its  continu- 
ance in  its  present  position.  How  real  this  dissatisfaction  is 
may  be  noted  from  the  fact  that  just  a  year  ago  at  the  meeting 
of  the  Association  of  American  Geographers  a  round-table  con- 
ference was  held  in  an  endeavor  to  discover  what  was  wrong 
with  the  teaching  of  this  science.     It  was  the  general  opinion 

1  Presented  at  the  forty-fourth  uinual  session  of  the  Arkansas  State  Teachers*  Associa- 
tion at  UtUc  Rock,  Arkansas,  Dec  27, 1911. 
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of  those  present  at  this  conference  "that  there  is  dissatisfaction 
— ^in  some  quarters  a  good  deal  of  dissatisfaction — with  the  results 
obtained  from  classes  in  this  subject,  but  that  the  dissatisfaction 
is  less  serious  and  widespread  than  the  opponents  of  the  subject 
would  have  us  believe."*  Moreover,  it  cannot  be  denied  that  in 
g^eat  numbers  of  the  high  schools  in  America  physiography  as 
a  school  science  has  not  lived  up  to  expectations  and  has  failed 
in  becoming  the  success  that  was  claimed  for  it  a  score  of  years 
ago.  It  is,  therefore,  a  matter  of  considerable  importance  to 
those  interested  in  secondary  schools  to  inquire  into  the  causes 
of  this  lack  of  success  and  to  ascertain  if  possible  what  can  be 
done  to  better  the  conditions  as  we  now  find  them. 

The  true  teacher  has  a  threefold  purpose  in  presenting  a  science 
course  to  his  students.  The  least  important  of  the  three  is  the 
dispensing  of  knowledge.  Around  each  of  the  natural  sciences 
there  has  been  built  up  a  considerable  mass  of  facts;  with  the 
most  important  of  these  facts  the  student  should  most  surely 
become  acquainted,  but  this  is  only  the  first  step  towards  a 
scientific  education.  The  subject-matter  of  science  is  only  a  part 
of  science  itself  and  to  the  high  school  student  it  is  only  of 
subordinate  importance. 

Far  more  important  is  it  that  in  the  acquiring  of  the  facts  of 
science  the  student  should  learn  to  think.  A  year  ago  the 
statement  was  made  at  the  University  of  Chicago  that  "the 
mind  was  made  for  thinking  and  it  enjoys  that  activity.  The 
greatest  danger  in  our  educational  work  is  that  we  stop  the 
mind  from  thinking;  we  inhibit  that  process;  we  discourage  it. 
Years  of  mechanically  learning  and  reciting  what  is  in  the  book 
have  discouraged  thinking,  have  really  taught  the  pupils  not  to 
think.  This  process  of  education  has  taught  the  young  people 
to  believe  that  what  they  may  be  expected  to  learn  is  in  some 
book,  that  what  they  may  be  expected  to  do  is  explained  in 
some  book  or  will  be  explained  to  them.  It  has  stopped  all 
independence  in  the  intellectual  process.'**  And  it  is  largely  in 
the  study  of  science  that  the  student  must  achieve  mental  in 
dependence,  must  set  in  motion  once  more  the  machinery  of  hi? 
mind.  Upon  the  teacher  of  science  falls  a  generous  share  of 
the  responsibility  of  implanting  in  his  students  the  desire  and 
the  power  to  think,  to  think  aright  and  independently. 


SSalisbury,  Educ.  Bi-MonUily,  vol.  5. 1911,  p.  403. 
SW.  W.  Atwood.  School  Rciriew.  vol.  19, 1911,  p.  120. 
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But  of  still  greater  importance  is  the  third  purpose  that  the 
teacher  of  science  should  have.  His  students  must  have  de- 
veloped in  them  the  scientific  point  of  view.  Few  people  in 
this  busy  world  of  ours  have  need  to  know  the  formula  for  the 
acceleration  of  a  rifle  bullet,  but  all  of  us  need  to  know  why 
it  is  that  a  certain  thing  is  entitled  to  be  called  knowledge  when 
something  else  is  mere  dogma  or  guesswork.  Few  are  ever  called 
upon  to  make  use  of  the  principle  that  the  work  a  stream  may  do 
varies  as  the  sixth  power  of  its  velocity,  but  all  of  us  are  called 
upon  to  weigh  fact  against  fact,  formulate  hypotheses,  and  reach 
conclusions  that  are  consistent  with  the  facts  we  know.  Mr. 
Dewey  has  crystallized  this  principle  in  a  single  sentence :  "The 
future  of  our  civilization  depends  upon  the  widening  spread 
and  deepening  hold  of  the  scientific  habit  of  mind,  and  the  prob- 
lem of  problems  in  our  education  is,  therefore,  to  discover  how 
to  mature  and  make  eflFective  this  scientific  habit."* 

With  such  purposes  before  it,  the  teaching  of  science  becomes 
something  more  than  an  occupation — ^it  is,  rather,  a  mission  in 
life.  Surely,  one  with  such  a  mission  must  look  well  to  the 
choice  of  subject-matter  in  the  presentation  of  which  he  is  to 
endow  his  students  with  as  much  as  possible  of  the  method  of 
science. 

With  reference  to  physiography  in  the  high  school.  Professor 
Salisbury  has  made  the  statement  that  '^no  other  study  in  the 
curriculum  affords  better  subject-matter  for  the  development 
of  thinking  power."*  The  facts  of  physiog^raphy  are  in  greater 
or  less  amount  the  possession  of  every  individual  and  they  are 
of  such  a  character  that  from  them  may  be  adduced  exact  and 
accurate  principles  of  a  general  nature.  The  science  is  a  broad 
one  and  touches  us  all  in  that  it  has  to  do  with  the  surroundings 
in  which  we  live  and  move  and  have  our  being.  Theoretically, 
it  should  afford  a  most  excellent  medium  for  the  training  of  a* 
student  in  the  scientific  method  of  thought. 

Yet,  experience  shows  that  in  many  instances  the  results 
achieved  in  its  use  are  to  say  the  least  disappointing.  If  the 
statements  of  the  foregoing  paragraphs  are  true — and  I  believe 
they  are — ^this  disappointment  must  be  the  result  not  of  condi- 
tions inherent  in  the  science  but  of  the  way  in  which  the  subject 
is  presented. 

Foremost  among  the  reasons  that  explain  this  lack  of  success 


^Science,  n.  •.,  vol.  31.  1910.  p.  127. 
«Jour,  Geoff..  vol.  9. 1910.  p.  61. 
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in  the  presentation  of  physiography  is  the  prevalent  idea  that 
anyone  can  teach  this  science.  No  subject  can  be  eflFectively 
taught  in  any  school  unless  there  has  been  special  preparation 
in  that  branch  of  knowledge  on  the  part  of  the  teachers  of  that 
subject  Yet  instances  are  not  rare  where  physiography  has  been 
placed  in  the  hands  of  teachers  of  stenography  and  in  one  case 
it  was  given  to  the  football  coach  "because  there  was  no  one 
else  to  take  it"!  Failure  to  apply  the  same  standards  to  the 
teachers  of  physiography  that  are  used  in  the  selection  of  teach- 
ers for  the  other  subjects  of  the  high  school  curriculum  is  re- 
sponsible in  large  measure  for  the  spirit  of  dissatisfaction  that 
has  arisen  with  regard  to  this  science. 

Again,  the  subject-matter  of  physiography  as  presented  is  to 
a  considerable  extent  not  adapted  to  the  minds  and  needs  of 
children.  In  most  high  schoois  the  subject  is  taught  in  the 
first  year  and  the  pupils  of  the  ninth  grade  are  only  children. 
The  editor  of  the  Journal  of  Geography  states  that  "seven  of 
the  nine  text-books  in  physical  geography  most  used  in  American 
schools  were  written  by  college  professors.  All  of  the  books 
unquestionably  have  merit;  some  are  excellent;  yet  practically 
all  of  them  would  fit  third  year  or  fourth  year  classes  better  than 
first  year  classes.  Several  of  these  text-books,  written  for  use 
in  high  schools,  are  used  with  satisfaction  in  university  classes."* 
Many  of  the  principles  of  physiography  depend  upon  certain 
laws  of  physics  and  chemistry  and  can  not  be  adequately  grasped 
without  a  previous  knowledge  of  those  sciences.  The  child  of 
the  ninth  school  year  can  be  taught  by  only  the  most  skillful  of 
teachers  to  see  the  real  significance  of  the  history  of  a  river 
valley  or  to  comprehend  a  cycle  of  erosion.  Nature's  laboratory 
is  built  on  such  a  vast  scale  and  so  many  complications  enter 
into  every  reaction  which  takes  place  therein  that  it  is  difficult 
if  not  almost  impossible  for  the  immature  mind  of  the  child  to 
comprehend  the  principles  upon  which  its  changes  are  based. 
As  a  result,  it  becomes  necessary  for  the  less  skillful  teacher  of 
physiography  to  slur  over  the  more  technical  phases  of  the 
subject,  to  omit  the  induction  of  exact  and  general  principles, 
to  depend  upon  the  memorizing  of  "what  is  in  the  book."  Con- 
sequently, physiography  as  taught  in  many  high  schools  is  not 
sufficiently  scientific  to  be  an  adequate  introduction  for  the 
student  into  the  great  world  of  science. 

In  the  eflFort  to  contort  physiography  into  the  semblance  of 


«R.  H.  Whitbeek,  Bduc.  Bi-Moothly.  vol.5. 1911,  p.  406. 
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an  introductory  science  there  is  grave  danger  that  those  phases 
of  the  subject  which  give  it  its  great  disciplinary  and  truly  sci- 
entific value  will  be  lost  sight  of.  In  the  hands  of  only  the 
most  skillful  teachers,  well  trained  in  earth  science,  can  this 
danger  be  averted,  and  in  such  cases  the  success  of  physiography 
is  always  noteworthy.  The  average  teacher  with  the  text-books 
now  in  use  is  working  under  a  great  disadvantage  in  endeavoring 
to  lead  the  immature  and  often  unprepared  child  into  a  true 
conception  of  science  by  this  means. 

The  case  against  the  first-year  position  of  physiography  be- 
comes even  stronger  when  it  is  reflected  that  in  all  probability 
this  tendency  to  regard  it  as  an  introductory  science  is  in  large 
measure  responsible  for  the  attitude  on  the  part  of  so  many 
school  authorities  to  regard  it  as  a  subject  which  anyone  can 
teach.  No  one  would  think  of  giving  a  fourth-year  science  to 
a  teacher,  not  trained  in  that  subject,  "because  he  needed  one 
more  study  to  fill  out  his  schedule." 

The  remedy  for  these  defects  is  obvious.  If  physiography  were 
placed  in  the  fourth  year  of  the  high  school  course  its  students 
could  bring  to  it  the  knowledge  they  had  gained  during  the 
progress  of  their  studies  in  chemistry  and  physics.  They  would 
have  reached  that  point  in  their  mental  development  where  they 
would  find  themselves  adapted  to  the  text-books  now  in  use. 
The  seniors  in  the  high  school  would  be  less  apt  to  tolerate  poor 
teaching  and  the  change  would  greatly  help  to  correct  the  feel- 
ing among  principals,  superintendents  and  boards  of  education, 
that  little  or  no  special  training  is  necessary  for  teachers  of  this 
science. 

Recognizing  the  fact  that  physiography  is  not  a  basal  science, 
the  recommendation  to  the  Committee  of  Ten  above  referred  lo 
was  to  the  effect  that  it  should  be  placed  in  the  fourth  year  of 
the  high  school  course,  but  very  few  schools  have  followed  this 
recommendation.  In  Indiana  there  are  six  high  schools  which 
have  so  placed  this  science  and  only  one  of  them  suggests  a 
change  to  an  earlier  position  in  the  course.^  While  it  is  true 
that  certain  phases  of  this  subject  are  suitable  for  presentation 
in  an  introductory  science  course  such  as  will  be  shortly  out- 
lined it  is  also  shown  by  experience  as  well  as  in  theory  that 
the  more  important  and  more  technical  sides  of  the  study  with 
their  almost  unlimited  possibilities  for  the  development  of  the 


7Ramsey.  School  Sci.  and  Math.,  vol.  11. 1911.  p.  847. 
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scientific  habit  of  mind  should  be  synthetically  approached  from 
a  foundation  of  physics  and  chemistry. 

In  the  hands  of  a  well-prepared  teacher  certain  portions  of 
almost  any  science  could  be  presented  in  such  form  as  to  be 
suited  to  the  needs  and  attainments  of  the  high  school  fresh- 
man ;  but  it  should  be  frankly  stated  that  such  a  course  is  simply 
an  introductory  science  course  and  the  student  should  not  be  per- 
mitted to  think  that  in  completing  it  he  had  mastered  the  science 
upon  which  it  was  based.  The  choice  of  the  science  to  be  thus  pre- 
sented as  the  foundation  for  an  introduction  to  further  scientific 
studies  should  be  left  so  far  as  possible  to  the  individual  school. 
It  should  be  made  with  reference  to  the  abilities  and  tendencies 
of  the  teaching  staff  as  well  as  with  reference  to  the  needs  of 
the  community  and  the  preparation  of  the  students.  Two  sug- 
gestions  for  such  courses  seem  to  me  particularly  applicable. 

Such  a  course  might  be  based  on  geography  and  should  be 
planned  so  that  the  student  would  have  his  eyes  opened  to  the 
great  inorganic  world  about  him  and  note  its  influence  upon  the 
races  of  men.  He  should  know  where  great  coastal  plains  are; 
what  they  do  for  mankind ;  how  the  mountains  produce  peoples 
and  industries  which  differ  from  those  of  the  plains ;  why  desert 
lands  give  rise  to  nomadic  tribes  while  sea-girt  islands  are  the 
homes  of  sailors.  He  should  get  some  idea  of  the  climatic  laws, 
something  of  the  reason  for  winds  and  atmospheric  phenomena, 
and  in  a  very  broad  way  he  should  learn  something  of  the 
processes  at  work  to  change  the  earth  and  the  results  they  bring 
about.  He  should,  above  all,  become  familiar  with  the  locations 
of  great  cities,  great  nations,  the  political  divisions  of  the  earth's 
surface;  with  the  peoples  which  inhabit  them,  the  waterways 
and  highways  which  connect  them ;  and  with  the  various  produc- 
tions which  differing  conditions  make  possible. 

Or,  such  an  introductory  course  might  likewise  approach  the 
field  of  natural  science  from  the  organic  side,  acquainting  the 
student  with  the  great  living  world  of  nature  and  its  dependency 
upon  its  inorganic  environment.  From  the  study  of  general 
biological  material  he  would  be  led  to  a  consideration  of  the 
human  body  and  its  many  functions.  Personal  hygiene,  including 
sex  hygiene,  should  be  taught.  A  study  of  preventable  diseases 
would  lead  the  student  into  an  inquiry  concerning  his  own  sur- 
roundings, natural  and  artificial,  and  he  should  find  out  what 
he  can  do  in  the  way  of  settling  problems  of  ventilation  and  sani- 
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tation.  Cooperating  with  health  authorities,  he  should  be  in- 
structed regarding  higher  standards  of  health  and  should  catch 
a  glimpse  of  those  processes  of  nature  upon  which  his  life  de- 
pends. Through  all  these  channels  he  should  come  to  recognize 
the  important  part  which  scientific  inquiry  into  the  world  about 
us  plays  in  everyday  life;  how  it  strikes  home  to  his  own  indi- 
vidual comforts  and  necessities. 

Either  of  these  courses,  or  similar  presentations  along  other 
lines,  should  be  oifered  in  the  first  year  of  the  high  school  course 
and  should  be  followed  immediately  and  consecutively  by  more 
technical  work  in  the  various  branches  of  science.  Such  courses 
should  be  recognized  as  merely  introductory  to  further  scientific 
studies.  The  first  course  suggested  is  no  more  physiography 
than  is  the  second  biology. 

With  such  an  introductory  course  it  is  evident  that  physi- 
ography should  be  subsequently  treated  synthetically  after  the 
students  had  been  led  up  to  it  through  their  work  in  chemistry 
and  physics.  Presented  in  such  a  manner  at  the  close  of  the 
secondary  school's  scientific  training,  the  student  whose  educa- 
tion stops  at  that  point  would  have  acquired  much  of  the  sci- 
entific spirit  of  inquiry;  his  work  in  the  sciences  would  have 
for  him  a  practical  application  to  the  world  about  him;  his 
appreciation  of  nature  should  be  keen.  At  the  same  time,  the 
student  whose  studies  are  continued  in  college  or  university 
would  have  a  suitable  foundation  for  further  scientific  investiga- 
tions, or  if  he  pursued  other  educational  lines  his  preparatory 
school  training  would  have  given  him  that  scientific  habit  of 
mind  which  every  high  school  graduate  should  have.  Nor  must 
we  forget  the  high  school  freshman  who  "drops  out"  at  the 
close  of  the  first  year,  for  there  are  many  such.  For  him,  too, 
such  an  arrangement  of  the  science  courses  as  herein  suggested 
is  the  best.  The  introductory  science  course  would  fit  his  needs 
far  better  than  the  courses  in  physiography  that  are  taught  in 
90  per  cent  of  our  schools,  for  it  could  easily  be  made  to  avoid 
on  the  one  hand  the  Scylla  of  lightly  skimming  over  the  surface 
of  a  really  important  science  without  the  training  in  scientific 
thinking,  and  on  the  other  hand  the  Charybdis  of  plunging  him 
so  deeply  into  a  new  and  mysterious  world  that  he  is  forced  still 
further  into  the  habit  of  depending  upon  "what  is  in  the  book." 

Upon  the  sequence  of  presentation  of  the  science  courses  de- 
pends in  large  measure  the  value  of  those  courses  to  the  student. 
To  make  iron-clad  rules  that  would  fit  every  school,  regardless 
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of  the  vast  differences  in  teaching  staff,  equipment,  and  students, 
would  be  an  impossibility.  In  most  schools,  however,  under  the 
present  conditions  of  youthful  freshmen  and  the  necessity  before 
every  science  teacher  of  taking  advantage  of  each  opportunity 
for  giving  training  in  scientific  thinking,  it  would  seem  that  the 
beginning  science  course  should  be  frankly  of  an  introductory 
nature  and  that  physiography  as  expounded  in  the  text-books 
now  in  use  should  follow  the  courses  in  chemistry  and  physics. 

EOONOMIO  BIOLOGY  FOR  nXGH  SCHOOL. 

By  Albert  E.  Skirling, 
Manual  Training  High  School,  Kansas  City,  Mo, 

The  outline  of  a  course  in  economic  biology,  as  here  given,  is 
merely  suggestive  of  the  nature  of  the  work  that  was  tried  out 
somewhat  experimentally  in  the  Manual  Training  High  School, 
Kansas  City,  Mo. 

It  might  seem  that  there  was  small  reason  for  introducing  the 
course,  as  the  practical  phases  of  the  biological  subjects  are  em- 
phasized in  the  regular  classes  in  botany  and  zoology,  which 
courses  are  still  continued.  The  course  in  economic  biology 
merely  emphasizes  and  enlarges  upon  the  more  practical  phases 
of  the  subject-matter  presented  in  the  former. 

There  are  several  reasons  for  introducing  the  new  course.  It 
is  observed  that  the  popular  misunderstanding  as  to  the  scope  of 
the  work  undertaken  in  modern  high  school  botany  and  zoology 
still  prevails.  Boys  do  not  choose  to  elect  these  subjects,  espe- 
cially the  former.  There  is  a  dearth  of  boys  in  the  botany  classes. 
The  tendency  of  pupils  is  to  elect  those  subjects  which  are  more 
practical,  and  which  they  think  will  have  direct  bearing  upon  their 
daily  life,  for  instance,  typewriting,  bookkeeping,  etc.  It  was 
hoped  that  the  new  subject,  under  the  name  of  economic  biology, 
would  sound  more  interesting  to  pupils  when  it  came  time  to 
elect  some  science  subject.  It  was  hoped  that  from  the  title 
they  would  surmise  a  subject  that  concerned  their  welfare. 

I  am  not  sure  that  some  other  name  might  not  have  been  better, 
such  as  "Applied  Biology,"  but  certainly  not  "Agriculture,"  for 
the  city  boy  or  girl. 

Moreover,  it  has  also  been  observed  that  many,  especially  boys, 
have  a  very  strong  dislike  for  doing  the  careful,  painstaking 
drawing  that  usually  forms  a  part  of  botany  courses.  The  new 
course  requires  no  drawing.     There  is  considerable  laboratory 
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work  with  specimens,  but  always  a  test  of  observation  power  in 
answer  to  oral  questions  given  during  the  study. 

Notebook  work  consisted  of  reports  on  field  trips;  home  ex- 
periments, experiments  done  in  the  laboratory;  brief  discussion 
of  subjects  illustrated  by  lantern  slides  and  summaries  of  the 
topics  studied.  The  pupils  were  helped  and  directed  in  these 
latter  by  being  given  a  series  of  questions,  the  answers  of 
which  formed  the  basis  for  "notes"  on  the  subject. 

Some  difficulty  was  experienced  in  the  lack  of  text-book  or 
definite  references  for  pupils  to  make  outside  preparation.  Fre- 
quent use  was  made  of  agricultural  bulletins.  Lantern  slides  were 
used  occasionally ;  a  series  on  most  of  the  subjects  was  used  for 
reviews. 

It  is  difficult  to  do  much  field  work  with  city  children,  but  so 
far  as  possible  field  trips  were  taken ;  occasionally  on  school  days, 
but  more  frequently  on  Saturdays  when  all  enjoyed  the  long  tramp 
and  the  camp  fire  lunch. 

The  results  were  somewhat  gratifying.  The  course  was  purely 
elective,  but  the  class  became  full  and  was  closed  the  second  day 
of  the  fall  enrollment  week.  More  boys  were  enrolled  than  in 
any  other  two  botany  classes.  The  familiar,  practical  treatment 
of  subjects  like  forestry,  soils,  insects,  etc.,  as  they  might  relate  to 
city  conditions  seemed  to  make  the  study  seem  worth  while  to  the 
pupils. 

Outline  for  Course  in  Economic  Biology. 
(One  Year.) 
I.    Foliage  Study. 

1.  Nature  of  a  leaf;  arrangement.     Activities. 

2.  Experiments   illustrating   leaf   activities. 

3.  Field  work. 

1.  Foliage  of  park  shrubbery. 

2.  Special  study  of  particular  tree. 

3.  Formal  beds  of  foliage  plants  in  park  garden. 

4.  Naming  trees  and  shrubs  by  their  leaves., 

II.    Weeds. 

1.  Weed  census  of  some  convenient  locality,  as  vacant  lot,  back 

yard,  street  parkway. 

2.  Nature  of  weeds. 

3.  Kinds  of  weeds  as  to  duration  of  life. 

4.  Methods   of  combating  and   exterminating. 

5.  Uses;  possibilities  of  improvement  for  use. 

6.  Special  reports  by  pupils  on  certain  common  weeds,  report  to 

include — ^habitat,  annual,  perennial,  etc.;  means  of  spreading 
and  reproduction;  special  means  of  self -protection;  how  to 
combat  them. 
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III.  Insects. 

1.  Laboratory  study  of  representatives  of  each  of  the  principal 

groups  of  insects. 

2.  Observations  and  laboratory  work  on  life  histories  of  insects, 

conducted  in  laboratory. 

3.  Study  of  Economic  Insects. 

(Written  reports  on  about  twenty  insects;  report  to  include 
economic  importance;  life  history  and  means  of  combating. 

4.  Demonstration  and  discussion  of  mounted  specimens  and  of 

lantern  slides  of  economic  insects,   life  histories,   etc. 

IV.  Forestry. 

1.    Begin  listing  tree  of  Kansas  City,  locating  those  more  rare. 

2.  Field  trip  for  identification  and  study  of  trees  of  Hyde  Park 

(60  species  found). 

3.  Pressed  and  labeled  specimen  of  leafy  twig  of  twenty  trees. 

4.  Properties  and  uses  of  certain  trees. 

1.  Trees  used  for  parkways  and  lawns. 

What  trees  are  permitted  along  street  parkways?  if  any 
are  forbidden,  why?  Regulations  concerning  planting,  dis- 
tance, etc. 

2.  Commercial  importance  of  certain  trees. 

3.  Practical  and  National  Forestry. 

4.  Study  of  Wood  Sections. 

1.    Study   of   transverse,   radial   and   tangential    sections   of 
oak.     (Without  microscope.) 

2.  Study  of  "grain"  of  hard  pine  and  other  woods. 

3.  Veneers,  stains,  etc. 

5.  Pruning. 

1.  Natural  pruning — how  brought  about. 

2.  Artificial  pruning,  why? 

3.  Methods    of   pruning,    including   general    methods    and 

methods  for  particular  plants,  as  fruit  trees,  shrub- 
bery, vines,  etc. 

4.  Pupils  provided  with  mimeographed  sheets  of  drawings 

of  trees  and  vines  and  required  to  mark  where  prun- 
ing would  be  advisable  and  state  reasons. 
(The    following  topics   also  were   included,   and   discussed   with   ref- 
erence to  their  application  to  the  interests  of  city  children.     They  are 
not  outlined  because  of  lack  of  space.) 
V.    Soil. 

VI.    Home  Gardening,  Flower  and  Vegetable  Gardens. 
VII.    Seeds  and  Germination. 
IX.    Plant  Propagation. 
X.    Plant  Breeding. 
XI.    Birds. 
XII.    Noxious  Mammals  of  this  Region.    Means  of  combating. 

XIII.  Reptiles.     Brief  discussion  of  the  nature  of  those  found  in  our 

woods  and  parks. 

XIV.  Fungi,  including:  Bacteria,  Yeast,  Molds,  Plant  Diseases,  Fungus 

Diseases  of  Forest  Trees. 
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OOBBELATION  OF  mGH  SCHOOL  AND  COLLEGE  CHEMISTRY 
FROM  THE  HIGH  SCHOOL  POINT  OP  VIEW.' 

By  H.  L.  Geesling, 
Instructor  in  Chemistry,  Elgin  High  School, 

The  question,  "What  amount  of  the  work  done  in  chemistry  in 
the  high  school  should  be  credited  by  higher  institutions  of  learn- 
ing, so  that  a  better  correlation  and  a  less  duplication  could  be 
brought  about?"  has  been  largely  discussed  from  various  angles; 
so  I  do  not  attempt  the  task  with  the  hope  of  presenting  much 
that  is  new  on  the  subject,  but  more  with  the  view  of  turning  over 
the  vast  amount  that  has  been  said,  with  the  hope  that  I  may  still 
find  an  angle  from  which  it  has  not  been  approached  that  will 
help  in  finding  a  satisfactory  solution  to  the  problem. 

How  then  does  the  end  in  view  from  its  teaching  in  the  high 
school  differ  from  that  in  college?  The  majority  of  college  stu- 
dents who  take  up  the  study  do  so  because  they  expect  to  use  it 
more  or  less  in  the  work  which  they  have  outlined  to  follow 
through  life ;  with  them,  as  a  rule,  it  is  one  of  the  essentials  and 
they  are  after  it  for  the  sake  of  its  knowledge,  for  it  is  a  pre- 
requisite to  their  work  as  chemists,  engineers,  physicians,  etc. 
The  point  of  view  of  the  teacher  of  such  a  course  then  must  be 
to  cover  the  whole  ground  thoroughly  and  see  that  every  subject 
is  enlarged  upon ;  their  work  being  largely  one  of  distribution  of 
information. 

On  the  other  hand,  the  high  school  teacher  is  not  concerned 
with  making  .chemists  any  more  than  lawyers.  The  student  is 
not  taking  the  course  with  that  aim  in  view.  The  teacher  is  con- 
cerned chiefly  in  preparing  the  student  for  life,  secondarily  in 
teaching  chemistry. 

He  teaches  it  as  a  means  of  sharpening  the  student's  power  of 
observation,  by  bringing  him  face  to  face  with  the  unity  and 
harmony  of  nature,  and  leading  him  to  see  with  his  own  eyes, 
investigate  things  for  himself,  and  thereby  gain  useful  informa- 
tion concerning  the  problems  of  everyday  life,  and  by  so  doing 
develop  within  the  student  reasoning  and  power. 

I  believe  our  courses  in  high  school  then  to  have  two  ends  in 
view :  to  help  fit  the  boy  and  girl  for  living  and  future  usefulness 
by  directing  their  thoughts  and  giving  them  power,  and  at  the 
same  time  so  much  knowledge  as  will  be  of  practical  use  to  them. 

1  Paper  read  before  the  Illinois  Hlffh  School  Conference,  University  of  Illinois.  Novem- 
ber 24. 1911. 
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The  question  of  correlation  of  high  school  and  college  chemis- 
try is  not  one  that  can  be  decided  on  first  thought.  If  we  should 
ask  the  question,  "Should  high  school  and  college  chemistry  be 
correlated?"  I  believe  we  would  be  safe  in  saying  that  nearly 
all  of  the  high  school  teachers  would  quickly  answer  in  the  affirma- 
tive, while,  on  the  other  hand,  the  college  instructors  would  most 
likely  answer  in  the  negative.  Before  we  can  rightly  draw  a 
conclusion  there  are  several  problems  concerned  of  more  impor- 
tance than  may  seem  on  the  surface.    Are  we  right,  or  are  they  ? 

In  order  to  get  at  the  subject  and  gain  some  idea  of  conditions 
as  they  really  exist,  both  in  our  high  schools  and  in  our  colleges, 
I  sent  a  list  of  questions  to  twenty  of  our  leading  colleges,  and  a 
somewhat  similar  list  to  twenty  high  schools.  I  varied  the  in- 
stitutions as  to  locality  and  type,  so  that  their  practices  would,  I 
believe,  fairly  represent  the  present  practices  as  they  really  exist. 

Let  us  look  at  the  situation  then  as  it  exists  in  typical  institu- 
tions of  higher  learning  and  typical  high  schools.  One  of  these 
questions  sent  to  the  colleges  was:  "Do  you  require  the  student 
who  has  taken  chemistry  in  the  high  school  to  take  general  chem- 
istry again,  if  he  wishes  to  continue  the  subject,  or  may  he  go  on 
with  more  advanced  work  ?*'  From  the  replies  I  received  the  fol- 
lowing information  concerning  the  attitude  of  the  various  colleges 
upon  this  subject  and  others  closely  related: 

Brown  University  requires  them  to  take  general  chemistry 
again,  but  if  the  student  submits  to  examination  and  passes  he 
may  go  on  with  advanced  work.  They  went  further  and  said  that 
all  parts  of  the  work  covered  in  high  school  had  been  unsatis- 
factorily done,  and  that  the  pupil  understood  neither  theory 
nor  practice. 

University  of  Pennsylvania  requires  them  to  take  general  chem- 
istry again  without  exception. 

University  of  Michigan  has  a  special  course  for  such  pupils 
and  they  can  finish  in  half  a  year  what  beginners  require  a  year 
to  do. 

Ohio  Wesleyan  said :  "A  few  of  the  best  students  go  on  with 
more  advanced  work,"  stating  further  that  too  much  stress  was 
laid  upon  atomic  theory,  the  use  of  symbols  and  formulas  instead 
of  names  of  elements  and  compounds. 

Northwestern  stated  that  they  had  a  second  year  course  for 
such  students. 

Chicago  states  that  those  who-have  spent  one  full  year  in  high 
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school  chemistry  complete  in  two  terms  what  would  otherwise 
require  three. 

Wisconsin  requires  general  chemistry  to  be  taken  again,  but 
gives  those  who  have  had  high  school  chemistry  more  advanced 
laboratory  work.  They  say  they  can  see  no  difference  in  their 
ability  after  about  two  months,  but  they  furthermore  add  that  the 
work  done  in  the  high  school  is  not  "unsatisfactory"  for  high 
school  work. 

Harvard  states  that  those  who  have  passed  the  entrance  re- 
quirements take  more  advanced  laboratory  work,  but  take  the 
same  lectures  as  those  who  have  never  studied  chemistry.  They 
are  also  allowed  to  begin  organic  chemistry  in  their  freshman 
year,  but  say  their  work  in  qualitative  analysis  has  not  proved 
successful. 

The  answers  from  the  remaining  twenty  institutions  are  prac- 
tically the  same,  and  these  will  suffice  for  a  general  notion  as  to 
how  the  various  colleges  stand  on  the  matter.  Out  of  these  twenty 
colleges  eight  make  no  specific  provision  for  students  who  have 
had  chemistry  in  secondary  schools ;  three  excuse  them  from  ele- 
mentary work  after  a  special  examination ;  six  provide  special 
instruction  in  both  laboratory  and  lectures.  Out  of  this  number 
six  answered  the  question,  "Do  you  think  there  should  be  a  corre- 
lation of  high  school  and  college  chemistry?"  in  the  negative,  and 
they  were  unanimous  in  saying  that  the  high  schools  were  at- 
tempting to  cover  too  much  ground  and  consequently  were  cover- 
ing but  little  thoroughly. 

Out  of  the  twenty  high  schools  written,  nineteen  were  very  de- 
cided in  their  views  that  there  should  be  a  correlation,  one  said, 
"No." 

To  the  question  asked  them:  "What  do  you  think  should  be 
the  aim  and  scope  of  high  school  chemistry ;  and  on  what  do  you 
place  the  most  stress?"  I  received  quite  an  interesting  mass  of 
conflicting  views ;  enough  to  indicate  that  the  field  of  high  school 
chemistry  is  by  no  means  decided  upon.  Some  said  they  placed 
the  most  stress  on  theory;  some  principles;  some  descriptive 
work ;  others,  industrial  application ;  others,  laboratory  work,  etc., 
etc.,  and  scarcely  any  two  agreed  as  to  what  should  constitute 
the  high  school  course. 

It  is  this  lack  of  definiteness  on  the  part  of  the  high  schools 
themselves  that  is  to  a  large  degree  responsible  for  the  condi- 
tions that  exist,  and  the  attitude  that  the  colleges  have  taken ;  and 
in  many  respects  their  attitude  is  just. 
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Can  we  reasonably  expect  the  college  to  plan  a  course  to  fit 
the  various  students  that  come  to  them,  some  having  had  this, 
some  that,  and  some  the  other  thing,  with  but  few  having  had 
enough  in  common  that  they  could  build  upon? 

To  me,  it  seems  that  it  is  first  up  to  the  high  schools  to  adjust 
themselves;  to  fit  themselves  to  something,  so  others  will  know 
where  to  find  them,  and  so  they  will  also  know  where  to  find  each 
other.    Do  their  pwirt  first. 

The  result  of  this  investigation,  though  I  confess  somewhat 
limited,  would  seem  to  indicate  that  the  high  school  courses  have 
failed  to  furnish  much  in  common  that  would  be  a  substitute  for 
any  great  amount  of  college  work.  This  brings  me  to  the  ques- 
tions, "Why  have  we  failed?"  "What  are  the  defects?"  and  "How 
remedy  them  ?" 

The  defects  in  the  teaching  of  chemistry  cannot  always  be 
those  that  are  well  defined  and  which  can  readily  be  detached 
from  the  mass  of  excellence  with  which  they  are  connected.  It 
is  very  difficult  to  secure  an  agreement  as  to  whether  a  defect  is 
really  a  defect,  for  the  minute  you  prove  absolutely  that  it  is 
someone  else  proves  it  to  be  a  virtue.  Hence  it  is  not  easy  to 
discuss  the  defects  in  the  courses  in  chemistry,  as  offered,  and 
the  defects  in  their  teaching.  Therefore,  I  do  not  attempt  to 
refer  to  everyday  and  commonplace  defects,  of  which  there  are 
many,  but  refer  to  the  general  conditions  as  they  really  seem  to 
exist.  Amono;  these  the  following  might  be  mentioned  which  call 
for  some  consideration  at  this  point: 

FIRST:  Our  courses  in  chemistry  have  failed  to  serve  the 
.needs  of  the  individual. 

SECOND:  We  have  been  too  much  content  with  following 
old-time  methods. 

THIRD:  We  have  been  trying  to  cover  too  much  and  have 
covered  but  little  thoroughly. 

That  we  have  been  accustomed  to  dealing  with  pupils  in  the 
aggregate  rather  than  the  individual,  all  will  agree.  Not  only 
does  this  apply  to  chemistry  work,  but  to  the  other  courses  as 
well ;  but  if  there  is  any  line  of  work  more  than  another  in  which 
we  must  deal  with  the  individual,  it  certainly  is  in  the  sciences  as 
a  whole  and  chemistry  is  no  exception. 

Let  us  look  at  the  conditions  as  they  confront  the  high  school 
teacher.  He  is  often  required  to  teach  several  other  studies  be- 
sides chemistry ;  his  equipment  in  chemistry  is  often  very  meager 
for  doing  successful  experimental   work;  besides,  his  class   is 
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composed  of  not  only  the  boys  and  girls  who  are  intelligent  and 
ready  to  put  forth  their  best  efforts,  but  those  that  have  but  little 
taste  for  chemistry ;  the  idlers  and  lazy  ones ;  those  who  are  not 
in  school  for  work  but  there  because  they  were  sent;  some  in- 
terested in  music,  some  athletics,  etc.,  etc. — in  short,  he  finds  his 
classes  drawn  from  various  stratas  of  society,  representing  vari- 
ous sorts  of  natural  and  acquired  tastes,  talents,  and  capacities. 
He  is  concerned  with  helping  mold  out  of  this  mass  a  citizen  of 
worthy  type  and  also  to  help  fit  him  for  life  and  future  useful- 
ness in  the  busy  world  around  him.  Our  courses  for  doing  such, 
we  might  say,  have  been  shaped  to  fit  the  needs  of  an  inde- 
terminate quantity  called  the  "average  student,"  and  we  have 
given  to  this  indeterminate  quantity  a  certain  amount  of  reason, 
intuition,  and  judgment  rather  than  shape  the  course  to  the  in- 
dividual as  he  really  exists.  We  have  been  spending  so  much 
time  in  teaching  facts  that  we  have  been  neglecting  the  more  im- 
portant duty,  which  is  to  help  the  student  find  out  for  himself, 
to  know  and  use  the  power  that  lies  within  him.  The  value  of 
chemistry  as  it  concerns  the  boy  is  not  measured  by  the  number  of 
formulas  and  chemical  laws  he  may  be  able  to  repeat,  but  by  his 
power  to  observe  and  apply  these  laws  to  the  phenomena  around 
him. 

If  the  chemistry  course  is  given  for  the  pupil,  why  not  fit  it 
to  the  pupil  so  that  he  will  derive  something  from  it  rather  than 
fit  the  pupil  to  a  course  made  to  suit  the  fancy  of  some  college 
professor?  The  colleges  to  a  large  extent  have  set  the  pace  and 
are  asking  us  to  follow  and  in  order  to  meet  their  requirements 
we  have  been  throwing  the  fragments  and  carved  out  pieces  of 
chemistry  at  the  student,  out  of  their  proper  relations,  to  be 
learned  and  assimilated,  hoping  that  enough  will  fall  in  proper  line 
for  admission. 

In  the  high  school  we  are  endeavoring  to  teach  chemistry  to 
this  multitude  with  varying  aims,  scarcely  one  tenth  of  whom 
will  have  the  fortune  of  going  to  college.  Whenever  our  courses 
are  planned  exclusively  for  this  one  tenth  and  ignore  the  claims 
of  the  other  nine  tenths,  there  is  room  for  criticism.  The  three 
great  industrial  interests — commercial,  manufacturing,  and  agri- 
cultural— demand  a  share  of  our  attention,  for  their  demands  are 
just  and  have  power  behind  them.  We  must  teach  chemistry  as 
it  should  be  taught  to  high  school  students,  without  considering 
the  fact  that  some  may  be  fortunate  enough  to  go  to  college. 

The  second  defect  mentioned  was  that  of  following  old-time 
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methods  and  too  close  an  imitation  of  others.  A  course  in  chem- 
istry that  served  the  needs  a  few  years  ago  may  not  necessarily 
serve  the  needs  to-day.  With  the  rapid  developments  along  com- 
mercial, agricultural,  and  industrial  lines,  new  methods  must  be 
adopted  to  serve  their  demands.  Text-books  used  five  or  six  years 
ago,  while  they  presented  the  methods  of  that  day  exceptionally 
well,  do  not  present  up-to-date  methods  often  that  must  be  used 
to-day,  and  this  conservativeness  on  the  part  of  the  teachers  in 
keeping  abreast  of  the  times,  by  adopting  up-to-date  books  dealing 
with  newjchemical  phenomena  and  methods,  has  been  a  hindrance 
in  doing  the  best  work,  A  course  planned  for  one  school  may 
not  work  in  another,  and  a  course  given  in  one  section  of  the 
country  may  not  be  the  one  to  aflopt  in  another :  there  would  seem 
to  be  to  some  extent  a  local  matter  concerned. 

With  the  rapid  centralization  of  population,  and  the  creation  of 
new  and  fascinating  problems  in  our  cities,  the  result  has  been 
that  courses  have  been  laid  out  to  deal  with  these  problems,  and 
through  the  desire  of  imitation,  the  high  schools  of  country  dis- 
tricts have, 40  a  large  extent,  patterned  after  them;  and  as  a  re- 
sult courses  have  been  installed  to  serve  a  totally  different  type ; 
courses  which  in  many  instances  have  been  subversive  to  the 
pupils'  interests  and  out  of  sympathy  with  their  environment. 
Why  should  not  our  courses  deal  with  materials  that  lie  close  at 
hand,  and  with  which  the  student  is  in  sympathy,  rather  than  at- 
tempt to  model  after  those  that  are  aimed  to  fit  pupils  of  entirely 
diflFerent  desires  and  fancies?  The  same  principles  could  be  in- 
volved, and  the  same  result  will  be  reached,  while  the  student  is 
dealing  with  something  about  which  he  is  concerned,  and  some- 
thing with  which  he  is  already  familiar  to  some  extent. 

The  schools  mentioned  were  unanimous  in  saying  that  the 
high  schools  were  attempting  to  cover  too  much  ground.  Are 
we  not  expecting  too  much  from  the  high  school  students  as  a 
whole  when  we  attempt  to  take  up  all  the  matter  given  in  our 
standard  texts,  and  expect  all  to  master  the  subject  in  one  year? 
Several  can  do  it,  and  I  do  not  hesitate  in  saying  can  do  it  well, 
but  a  large  number  cannot,  and  too,  one  year  is  a  short  time 
when  we  consider  the  vastness  of  the  subject. 

Let  us  ask  the  question,  "Why  does  this  condition  exist?"  It 
is  due  partly  to  what  might  be  called  a  "Chinese  characteristic" 
that  has  permeated  our  educational  atmosphere,  that  what  went 
into  the  training  of  the  past  generations  must  also  form  a  part 

Digitized  byLjOOQlC 


482  SCHOOL  SCIENCE  AND  MATHEMATICS 

of  the  present;  study  everything  from  the  theories  of  the  al- 
chemists to  the  properties  of  radium,  the  ion  and  electron. 

Again,  it  is  due  in  a  large  part  to  our  efforts  in  attempting 
to  meet  what  the  college  thinks  should  be  covered ;  just  so  much 
theory,  work  so  many  experiments,  and  just  such  ones ;  by  meet- 
ing these  requirements  and  these  only  will  admission  to  the  more 
advanced  precincts  be  given.  I  do  not  lay  the  blame  on  the 
college  for  this  existing  condition  so  much  as  I  do  on  the  high 
schools.  We  have  the  same  privilege  of  speaking  as  they.  Let 
us  wake  up  and  have  backbone  and  persistence  enough  to  force 
our  own  convictions,  force  them  in  such  a  way  that  we  will 
command  attention. 

Again,  the  teaching  of  chemistry  to  pupils  of  immature  minds 
presents  some  difficulties,  and  the  subject  itself  abounds  in  diffi- 
culties to  a  large  part  of  high  school  students. 

In  nearly  all  subjects  taught,  the  student  has  generally  gath- 
ered his  information  from  the  book  and  that  alone.  Its  printed 
pages  he  has  been  diligently  trained  to  master.  It  is  this  text- 
book habit,  to  which  the  student  has  been  accustomed,  that  works 
the  great  hindrance  at  first ;  getting  him  away  from  it  and  lead- 
ing him  to  really  observe  and  investigate  for  himself,  rather  than 
fill  his  mind  with  chemical  calculations,  theories,  and  arbitrary 
rules,  formulated  by  someone  else,  is  no  easy  matter.  And  be- 
sides, atoms,  molecules,  equations,  ions  and  the  like  he  never 
heard  of  before.  No  wonder  he  is  slow  in  understanding  what 
it  is  all  about.  The  apparatus  likewise  is  as  strange ;  test  tubes, 
beakers,  balances,  etc.    Is  it  any  wonder  it  all  seems  strange  ? 

Keeping  in  mind  then  the  new  things  with  which  the  student 
must  become  acquainted,  the  methods  used  in  acquainting  him- 
self with  them,  the  immaturity  of  the  pupil,  the  principles  under- 
lying the  chemical  processes,  and  the  somewhat  limited  field  for 
finding  applications  to  these  principles  that  are  within  his  en- 
vironment, is  it  not  too  much  to  expect  the  more  difficult  prin- 
ciples to  become  really  fixed  in  their  minds  in  one  year? 

I  realize  the  danger  in  drawing  conclusions  from  only  a  very 
limited  number  of  facts,  but,  if  I  were  to  draw  conclusions  from 
the  reports  received  from  the  twenty  high  schools  written.  I 
would  say  that  the  methods  used  in  carrying  out  the  fundamental 
aims  of  our  high  school  chemistry  courses  have  degenerated  into 
two  extremes.  On  the  one  hand  that  of  time  wasting.  In  many 
instances  it  would  seem  that  instead  of  insisting  that  our  pupils 
master  the  underlying  principles  we  have  been  making  the  ex- 
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periments  that  deal  with  them  merely  courses  in  scientific  dish- 
washing. We  have  the  student  bring  hydrogen  and  oxygen  to- 
gether as  though  the  only  thing  to  be  derived  from  such  is  to 
hear  the  explosion  and  furnish  amusement,  and  giving  about  as 
much  an  idea  of  the  principle  involved  as  a  child  would  have 
of  the  report  of  a  shot  gun.  This  sort  of  experimenting  has  noth- 
ing to  commend  itself.  Neither  is  it  training  the  student  to  think, 
or  giving  him  much  of  a  scientific  outlook  upon  the  world. 

On  the  other  extreme,  our  courses  are  failing  to  give  the 
spirit  and  grasp  of  the  underlying  principles,  because  there  is  a 
lack  of  understanding  on  the  part  of  the  student.  We  are  in 
many  instances  presenting  principles  beyond  the  power  of  the 
student  to  grasp.  The  course  then  becomes  useless  drudgery  on 
the  part  of  the  student  for  that  reason.  Make  the  course  in- 
telligible to  him  and  interest  will  be  created ;  create  interest,  but 
interest  in  chemistry  and  not  amusement,  and  the  principles  will 
be  grasped.  We  must  teach  principles,  but  we  must  keep  these 
principles  in  close  touch  with  their  application,  and  not  expect 
the  more  difficult  ones  to  be  mastered  at  first,  but  attain  these 
higher  ends  gradually  as  a  final  and  not  an  immediate  result. 

I  have  endeavored  thus  to  somewhat  outline  conditions  as  they 
appear  to  be.  The  result  would  seem  to  indicate  that  there  has 
been  a  wide  difference  of  opinion  as  to  what  should  constitute 
the  high  school  course ;  so  wide  a  difference  that  the  various  stu- 
dents have  had  such  a  small  amount  in  common  that  could  serve 
as  a  firm  foundation  for  advanced  work,  that  this  amount  has 
been  slow  in  receiving  consideration  from  the  colleges  and  it 
has  therefore  been  necessary  to  duplicate  work. 

This  brings  me  to  the  question :  "Is  there  not  ground  enough 
on  which  to  build  a  course  that  will  meet  the  needs  of  the  stu- 
dent who  does  not  go  to  college;  meet  his  needs  as  he  is  really 
situated  in  his  environment;  a  course  that  will  meet  these  needs 
in  the  best  possible  way,  and  at  the  same  time  be  a  foundation 
firm  enough  on  which  can  be  added  a  more  thorough  course,  if 
desired,  without  having  to  cover  the  same  ground  again?" 

How  could  our  course  be  arranged  to  do  this?  What  would 
these  better  conditions  be  like?  These  are  questions  which  re- 
quire some  consideration,  but  let  me  add  that  whatever  is  best 
for  the  student  who  goes  to  college  is,  I  believe,  to  a  large  extent, 
best  for  the  one  who  does  not  have  such  opportunity. 

I  would  not  wonder  at  the  colleges  saying  our  students  were 
materially  deficient,  if  all  of  them  who  have  attempted  to  get 
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chemistry  in  high  school  would  present  themselves  for  a  continua- 
tion of  the  work  in  college.  But  such  is  not  the  case.  It  is 
usually  only  the  student  that  has  made  a  good  record  that  will 
have  a  sufficient  liking  for  it  to  want  to  continue  its  study  in 
college. 

By  giving  our  better  students  a  chance,  I  feel  safe  in  saying 
that  they  can  master  the  underlying  principles  in  such  a  manner 
that  it  would  be  a  pleasure  for  our  colleges  to  have  the  oppor- 
tunity of  going  into  still  more  advanced  work  with  them.  As 
long  as  our  classes  are  composed  of  both  the  strong  and  the  weak 
students,  there  is  a  tendency  to  devote  more  than  the  pro  rata 
of  time  to  the  weaker  ones,  and  we  are  therefore  consuming  time 
that,  if  spent  on  students  of  a  more  equal  caliber,  could  be  used, 
I  believe,  to  a  better  advantage.  By  dividing  our  classes  then 
in  schools  where  the  numbers  would  justify  such,  we  would  be 
giving  the  better  students  such  work  as  would  add  most  to 
their  general  information,  and  at  the  same  time  could  go  deep 
enough  into  the  underlying  principles  to  furnish  such  a  grasp 
of  them  as  would  be  firm  enough  for  a  foundation  for  more  ad- 
vanced work,  if  they  wished  to  take  up  such ;  while  we  would  be 
giving  the  weaker  students,  even  if  the  work  would  be  more 
elementary  in  character,  all  it  is  in  our  power  to  give  them.  By 
such  courses  we  would  be  more  nearly  accomplishing  both  ends 
in  view,  for  those  who  would  wish  to  continue  its  study  would 
most  likely  fall  under  the  first  class.  Such  students  would  find 
no  difficulty  in  handling  more  advanced  work. 

Better  conditions  would  be  those  that  meet  the  demands  of 
the  majority,  while  at  the  same  time  would  suffice  for  the  more 
fortunate  who  enter  college,  and  give  them  ample  preparation 
for  a  more  advanced  course  at  once.  I  believe  such  conditions 
could  be  brought  about  and  the  diflFerentiation  between  the  work 
of  those  destined  for  college  and  those  who  are  less  fortunate 
need  not  be  so  marked  as  at  present. 

If  I  might  suggest  a  remedy  and  course  to  bring  about  these 
conditions  without  being  misinterpreted,  it  would  be  a  course 
that  would  include  the  fundamental  principles,  but  not  the  more 
complex  principles  and  theoretical  conceptions;  the  maturity  of 
the  pupil  and  his  environment  being  always  kept  in  mind.  A 
course  that  would  contribute  most  to  the  students'  general  in- 
formation and  culture,  by  acquainting  him  with  a  wide  range 
of  chemical  facts,  and  at  the  same  time  train  his  power  of  ob- 
servation and  capacity  to  associate  new  data  from  laboratory 
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experiments  with  those  already  in  his  knowledge.  Such  would 
serve  as  a  basis  for  adding  more  advanced  principles  and  the- 
ories, and  at  the  same  time  would  give  a  fund  of  knowledge 
applicable  to  everyday  life. 

Before  passing,  I  feel  that  a  word  concerning  laboratory  note- 
books might  not  be  out  of  place.  As  to  what  they  should  con- 
tain, and  the  care  used  in  keeping  them,  there  is  a  variance  of 
opinion;  but  if  we  require  the  notes  written  in  full,  and  above 
all,  neatly  done,  we  are  at  least  giving  a  training  in  English 
and  neatness  that  is  of  as  much  value  in  creating  citizenship  as 
the  extra  part  of  an  experiment  that  might  be  performed,  if 
done  otherwise,  for  it  is  as  much  our  duty,  as  high  school  teach- 
ers, to  create  right  habits  of  work  as  to  teach  our  subject. 

In  conclusion,  then,  how  can  we  make  the  high  school  and 
college  work  more  mutually  helpful? 

First :  By  the  high  schools  agreeing  on  what  they  are  to  cover, 
and  planning  the  work  covering  this  field  more  to  meet  the 
needs  of  the  individual. 

Second:  By  offering  only  what  can  best  be  assimilated,  and 
only  so  much  as  can  be  taught  well  in  the  time  allotted  to  it. 

Third:  By  a  willingness  on  the  part  of  the  colleges  to  recog- 
nize and  utilize  every  bit  of  work  thus  covered. 

Let  me  emphasize  finally  that  on  the  whole  I  believe  the  work 
of  high  schools  should  be  simple,  and  to  a  large  part  descriptive 
rather  than  theoretical ;  that  it  ought  to  be  planned  irrespective 
of  the  idea  that  some  will  attend  college ;  and  should  be  kept  in 
close  correlation  with  the  work  in  physics  and  biology. 


CAMBRIDGE  BOTANICAL  SUPPLY  COMPANT'S  NEW  CATA- 
LOGUE. 

The  Cambridge  Botanical  Supply  Company  of  Waverley,  Mass.,  has 
just  issued  a  new  catalogue.  It  is  issued  in  sectional  parts,  on  the  loose- 
leaf  plan,  with  cover  for  binding. 

It  is  issued  in*  four  parts :  Botanical  Supplies,  Plant  and  Zoological 
Material,  Physical  Apparatus,  and  Chemical  Apparatus  and  chemicals. 

This  is  a  valuable  innovation  in  catalogue-making,  as  revised  sheets 
and  new  descriptive  circulars  can  be  easily  bound  in,  thus  keeping  the 
catalogue  up-to-date  with  little  trouble  or  expense. 

The  section  on  Chemical  Apparatus  contains  eighty  pages.  It  contains 
everything  that  the  average  high  school  laboratory  needs. 
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CHARGE  AND  DISCHABGE  OF  CONDENSERS  ILLUSTRATED 

BT  MEANS  OF  AN  EASILY  CONSTRUCTED 

MECHANICAL  MODEL. 

By  Charles  F.  Bowen, 
Manchester,  N.  H. 

Mechanical  models  to  picture  to  the  eye  the  processes  attending 
the  charge  and  discharge  of  condensers  have  been  constructed  by 
Sir  Oliver  Lodge,  the  famous  English  physicist,  but  the  one  shown 
in  the  accompanying  cut,  designed  and  constructed  by  the  author 
along  the  general  lines  advocated  by  the  former,  is  believed  to  be 
the  only  one  of  the  kind  in  the  country.  In  the  work  of  teaching 
classes  in  physics  or  tracing  the  mysteries  of  the  entrancing  field 
considered  under  the  great  caption  of  "Potential,"  for  the  benefit 
of  those  other  than  science  students,  .this  little  contrivance  has 
been  found  to  be  of  the  utmost  utility  and  a  description  of  its 
construction  and  use  is  given  herewith  that  others  engaged  in  this 
work  may  design  similar  instruments  if  they  wish. 


In  the  figure,  A  is  an  endless  cord,  heavy  fish  line,  and 
represents  a  current  of  electricity,  b,  c,  d,  etc.,  are  successive 
atoms  of  the  conductor  or  nonconductor,  according  as  the  case 
may  be,  and  consist  of  short  wooden  cylinders,  punctured  in  the 
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center  along  the  axis  and  held  from  above  and  below  by  elastic 
bands  attached  to  small  screw  eyes.  The  two  center  "atoms"  are 
made  of  iron  to  give  the  system  inertia  and  are  made  to  resemble 
closely  the  wood  counterparts  by  being  coated  with  base  and 
graining  colors. 

The  elastic  bands  form  the  simplest  picture  now  possible  of  the 
medium  surroimding  bodies.  The  lower  set  of  bands  is  broken 
near  the  bottom  to  permit  of  the  passage  of  the  endless  cord,  this 
result  being  obtained  by  inserting  small  rings  through  which  the 
cord  threads.  This  cord,  representing  the  current  of  electricity, 
passes  around  small  grooved,  wooden  pulleys  at  each  side.  The 
punctures  in  the  wooden  "atoms"  are  of  such  size  that  the  cord 
will  slide  through  without  much  friction,  representing  by  this 
action  the  free  passage  of  an  electric  current  through  a  conductor. 
The  heat  of  friction  may  be  taken  to  stand  for  the  ohmic  resistance 
of  the  circuit. 

When  considering  the  case  of  a  nonconductor  the  atoms  must 
be  clamped  to  the  cord,  for  the  current  in  such  a  case  is  unable  to 
flow  through.  This  is  done  by  inserting  into  the  openings,  along- 
side the  cord,  small  wedges  which  prevent  the  rope  from  moving. 
The  model  now  represents  a  condenser  and  it  is  given  its  charge 
by  a  battery  whose  E.  M.  F.  is  represented  by  a  force  used  to 
move  the  cord.  The  strain  of  the  dielectric  or  medium  is  indi- 
cated by  the  distension  of  the  elastic  bands.  Clamping  the  cord 
corresponds  to  making  the  resistance  infinite. 

If  now  this  resistance  be  suddenly  made  very  much  smaller,  in 
the  case  of  a  condenser  by  allowing  a  spark  to  pass  from  one 
coating  to  another  or  in  the  case  of  the  model  by  unclamping  the 
cord,  the  condenser  discharges.  Following  this  process  as  de- 
picted by  the  model,  it  is  seen,  as  might  have  been  expected,  that 
when  the  knobs  fly  back  from  their  strained  position  they  do  not 
stop  immediately  at  the  central  point,  but  oscillate  back  and  forth 
several  times,  a  state  of  affairs  brought  about  by  virtue  of  the 
inertia  of  the  moving  masses  and  the  elasticity  of  the  cords  sup- 
porting them.  In  an  electric  condenser  the  same  conditions  are 
to  be  observed.  The  discharge  is  essentially  oscillatory,  only  very 
much  more  rapid  in  movement  and  shorter  in  duration. 

Upon  what  does  the  rate  of  oscillation  depend?  Consider  the 
model.  The  stronger  the  elastic  cords  and  the  less  the  weight  of 
the  "atoms,"  the  faster  the  vibrations.  Given  this  data,  it  is  not 
difficult  to  show  how  for  a  perfect  machine  the  period  might  be 
computed  beforehand.    The  electrical  problem  and  its  solution  are 
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precisely  analogous,  only  that  instead  of  elasticity  static  capacity 
must  be  used  and  in  place  of  the  inertia  of  the  "atoms,"  the  elec- 
tromagnetic inertia  or  self-induction,  must  be  used.  It  is  readily 
seen  that  increasing  either  of  these  quantities  diminishes  the  fre- 
quency of  the  oscillations.  The  making  larger  of  the  capacity  is 
the  same  as  making  the  elastic  bands  longer,  while  increasing 
the  inductance  corresponds  to  the  making  heavier  of  the  knobs. 

The  static  capacity  may  be  increased  at  will  by  making  use  of 
larger  plates  or  a  larger  number  of  them.  In  making  use  of  the 
latter  method  it  must  be  remembered  that  there  are  two  ways  of 
connecting  up  condensers  and  which  have  widely  different  results. 
If  two  equal  condensers  are  coupled  up  in  series,  so  that  the  in- 
side coating  of  one  of  the  jars  is  connected  with  the  outside  of 
the  other,  it  is  found  that  the  combination  has  but  one  half  the 
combination  of  one  of  them.  If,  on  the  other  hand,  they  be 
hitched  in  parallel,  the  combined  capacity  is  twice  that  of  either 
one  alone.  The  former  method  is  useful  where  we  have  con- 
densers not  able  to  stand  a  voltage  under  which  it  is  desirable 
to  use  them.  A  number  may  be  arranged  in  a  series  or  cascade 
and  the  pressure  upon  each  thereby  split  up.  An  example  of 
this  would  be  in  the  case  of  a  transformer  such  as  is  used  in 
wireless  telegraphic  work,  and  giving  a  secondary  voltage  of 
30,000.  The  condensers  on  hand  are  constructed  so  as  not  to 
stand  more  than  20,000  volts.  If  two  of  these  are  connected  in 
series,  each  will  have  to  stand  but  15,000  volts. 

Referring  back  to  the  model,  increasing  the  electromagnetic 
inertia  of  self-inductance,  is  analogous  to  affording  the  current 
more  space  to  magnetize,  since  it  depends  upon  this  action  of  the 
current  upon  the  surrounding  medium.  This  result  is  obtained  by 
inserting  coils  of  wire  in  the  circuit. 

The  well-known  equation  for  simple  harmonic  motion  is  well 
known  from  physics  text-books  and  is  to  the  effect  that 


'=2^^: 
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After  making  the  necessary  substitutions  as  just  outlined  we  find 
that  T  =  2ir  VLC,  where  L  is  the  inductance  in  henries  and  C  the 
capacity  in  farads.  This  is  called  the  "fundamental  equation"  in 
wireless  telegraphy  and  is  used,  after  being  reduced  to  more 
simple  units,  in  every  wireless  experiment  station  in  the  land. 

One  does  not  need  to  be  and  expert  carpenter  to  build  a  con- 
denser model.    The  one  shown  in  the  picture  is  made  of  soft  wood. 
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The  expense  is  trifling  and  after  the  little  machine  is  given  a  coat 
of  shellac  or  cherry  stain,  then  varnished  and  baize  cloth  gummed 
to  its  base  to  prevent  the  scratching  of  a  lecture  table,  it  will  be 
not  only  an  ornament  to  the  furniture  of  a  class  room  but  a 
useful  implement  in  inculcating  the  facts  in  the  subjects  of  con- 
densers and  oscillators. 


A  OONVENIENT  FORM  OF  UQXJID  RHEOSTAT. 

By  S.  R.  Williams, 
Oberlin  College,  Oberlin,  Ohio. 

Many  small  laboratories  often  want  an  electric  current  of 
small  ampereage  but  a  voltage  larger  than  the  few  dry  cells  at 
their  disposal  will  give.  The  electric  lighting  circuit  is  usually 
available  but  unless  a  proper  resistance  is  put  in  series  with  the 
circuit  the  safety  fuses  are  liable  to  go. 

The  following  form  of  a  liquid  rheostat  has  been  found  so  use- 
ful in  the  laboratory  for  the  above  and  other  purposes  that  I  take 
this  opportunity  to  describe  it.  It  may  be  familiar  to  others  al- 
though I  have  never  seen  any  description  of  such  a  modification. 

Figure  i 
shows  a  cross 
section, 
lengthwise,  of 
a  wooden 
box,  40  in- 
ches long,  5 
a  inches  wide 
and  6  inches  deep,  made  from  ordinary  pine  boards. 
A  and  E  are  the  two  electrodes  which  may  be  made 
from  copper  strips  or  from  the  carbon  plates  one 
finds  in  a  wornout  dry  cell.  E  is  attached  to  the  in- 
side of  one  end  piece  of  the  box  while  the  other  is 
fastened  to  a  short  piece  of  gas  pipe  which  slides  on 
an  iron  rod,  R,  bent  in  the  shape  indicated  in  Figure 
1.  I  have  used  one  half  inch  rods  for  R  and  found 
they  worked  satisfactorily.  Of  course  brass  would 
be  better.  As  A  moves  toward  E  the  resistance  of  the  portion 
of  electrolyte  between  the  two  electrodes  decreases,  both  by 
decreasing  the  length  and  increasing  the  cross-section  of  the 
conductor.  If  currents  of  a  few  tenths  of  an  ampere  are 
wanted,  I  have  found  that  ordinary  tap  water  worked  well  for 
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the  size  of  box  indicated.  If  larger  currents  are  wanted  it  is 
better  to  add  a  small  quantity  of  sulphuric  acid.  Figure  2 
shows  one  of  the  end  pieces  of  the  box  and  also  indicates  that 
the  iron  rod  rises  about  twice  the  height  of  the  box  before 
being  bent  over  at  the  higher  end  of  rod.  This  brings  A,  when 
in  contact  with  E,  so  that  they  are  about  at  the  same  depth  in 
the  electrolyte. 

To  make  the  boxes  water  tight  I  have  boiled  them  in  paraffine 
until  the  air  and  moisture  were  all  out  and  then  allowed  them 
to  cool.  After  such  a  treatment  the  wood  will  be  saturated  with 
the  paraffine  and  will  not  warp  and  split  from  further  seasoning. 
This  makes  a  box  which  has  good  insulation  and  will  not  leak. 
I  have  had  one  in  use  in  the  laboratory  for  several  years  and 
it  has  not  leaked  yet.  This  method  of  treating  wood  with  par- 
affine will  be  found  useful  for  many  other  purposes  about  the 
laboratory. 

STUDENTS'  SELF-FILLma  BABOMETEE. 

By  F.  R.  Gorton, 
State  Normal  College,  Ypsilanti,  Mich, 

The  demands  of  a  high  school  laboratory  include  not  only  a 
working  barometer  but  a  students'  piece  capable  of  illustrating 
the  barometric  principle.  The  usual  experiment  of  filling  a  tube 
with  mercury  and  inverting  it  in  a  dish  of  mercury  is  both  waste- 
ful and  unsatisfactory.  The  loss  of  mercury  and  the  difficulty 
found  in  keeping  it  clean  and  dry  are  such  as  to  prohibit  in  many 
laboratories  the  use  of  this  experiment  as  a  student  exercise.  It 
is  with  the  view  of  obviating  these  difficulties  that  the  self- 
filling  barometer  tube  has  been  designed.  The  construction  will 
be  seen  to  be  simple  and  is  such  as  to  keep  the  mercury  clean, 
since  it  comes  in  contact  with  glass  surfaces  only. 

Figure  i  shows  the  form  of  the  cistern  C,  which  is  open  at  A 
and  joined  to  the  barometer  tube  B.  By  means  of  two  or  three 
brass  clips,  a  meter  stick  is  attached  firmly  to  tube  B.  In  this 
cut  the  tube  is  shown  in  the  first  position  and  filled  with  mer- 
cury.   A  quantity  of  mercury  in  the  cistern  is  also  necessary. 

Figure  2  shows  the  tube  mounted  on  a  standard  G  by  means 
of  a  screw  S  through  the  meter  stick.  It  is  plain  from  Figure  i 
that  a  rotation  of  the  tube  in  the  direction  shown  by  the  arrow 
will  cause  the  mercury  in  the  cistern  to  flow  to  the  end  of  the 
tube  which  it  keeps  completely  covered.    As  the  tube  approaches 
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the  final  position,  Fig.  2,  the  mercury  falls  to  the  barometric 
height,  which  is  obtained  by  reading  the  positions  of  the  two  mer- 
curial surfaces.  A  stop  is  placed  at  F  to  prevent  rotation  in  the 
wrong  direction,  and  a  large  leather  washer  at  S  affords  suffi- 
cient friction  to  keep  the  tube  in  any  position.    A  small  weight 


Fig.Z 


may  be  attached  to  the  meter  stick  to  keep  the  center  of  gravity 
near  S.  Frequent  use  of  the  apparatus  results  in  the  thorough 
removal  of  air  from  the  tube,  thus  enabling  the  device  to  serve 
as  the  laboratory  barometer.  A  small  wad  of  cotton  inserted  in 
the  opening  A  keeps  the  mercury  free  from  dust.  It  will  be 
observed  that  the  instrument  may  be  used  as  a  manometer  for 
showing  the  pressure  of  air  in  a  partial  vacuum  by  simply  join- 
ing the  side  tube  A  with  the  receiver  to  be  tested. 


The  Chicago  section  of  the  American  Mathematical  Society  held  its 
thirtieth  regular  meeting  at  the  University  of  Chicago  on  Friday  and 
Saturday,  April  5,  6,  1912.  There  were  fifty-three  members  present  and 
twenty-nine  papers  were  read  at  the  four  half-day  sessions. 
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THE  USE  OF  SPEOTAGLE  LENSES  FOB  THE  OOKREOTION  OF 

BEFRAOTnnB  AND  OTHER  EBB0B8  OF  THE  EYES 

AND    THE    INSTRUMENTS    USED    FOR    DE- 

TERMININa  SUCH  ERRORS.' 

By  Arthur  F.  Amadon, 
Boston,  Mass. 

The  use  of  lenses  for  the  correction  of  ocular  errors  and  for 
the  improvement  of  vision  goes  back  to  prehistoric  time.  During 
the  excavations  of  the  ruins  of  ancient  Nineveh  a  rock  crystal  lens 
was  found,  and  in  those  early  days  the  principles  of  reflection  and 
refraction  of  light  must  have  been  well  known.  In  our  own 
England  it  is  a  matter  of  record  that  Roger  Bacon,  when  he  oc- 
cupied the  chair  of  philosophy  at  Oxford,  obtained  some  fine 
glass  from  Belgium  and  from  this,  with  his  own  hands,  made 
some  spectacles  by  grinding  and  polishing  the  lenses,  which  were 
afterwards  given  to  an  elderly  friend  and  worn  by  him  previous 
to  1286.  Charles  V,  after  his  death  in  1558,  left  among  his  valu- 
ables twenty-seven  pairs  of  spectacles.  But  it  is  only  within  the 
memory  of  the  present  generation  that  the  refinement  of  ocular 
corrections  have  been  possible,  owing  to  more  perfect  knowledge 
of  the  conditions  within  the  eye,  more  refined  methods  of  exam- 
ination and  greater  skill  in  lens  making. 

All  combinations  of  convex,  concave,  cylindrical,  and  prismatic 
lenses  are  used  for  the  correction  of  ocular  errors,  and  some  in- 
genius  devices  have  been  used  for  properly  adjusting  and  holding 
properly  before  the  eyes  the  various  combinations  of  lenses,  from 
the  clumsy  split  bifocal  of  Benjamin  Franklin  to  the  elegant  in- 
visible bifocal  of  to-day.  The  unit  of  strength  of  spectacle  lenses 
is  the  lens  which  will  focus  parallel  rays  of  light  at  one  meter,  or 
forty  inches.  This  unit  is  called  the  Dioptric.  A  half  Dioptric 
lens  has  half  the  strength  and  focuses  light  at  two  meters  or 
eighty  inches ;  one  that  focuses  at  half  a  meter  is  a  two  Dioptric 
lens,  etc.  Prisms  are  numbered  according  to  their  ability  to  de- 
flect light,  I**,  2°,  etc. 

In  speaking  of  the  eye  as  an  optical  instrument  I  wish  to  em- 
phasize one  feature,  tnz,,  that,  except  for  the  tunics  or  limiting 
membranes,  the  eye  is  an  elastic  and  fluid  body,  each  surface  of 
transparent  tissue  being  a  refracting  surface.  In  front  of  the  eye 
we  have  the  cornea,  a  tough,  resistant,  almost  perfectly  trans- 


lAn  address  delivered  before  the  Eastern  Assodation   of  Physics  Ttachers  at   the 
Astronomical  laboratory  of  Harvard  University,  Cambridge,  Mass..  Dec.  2, 1911. 
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parent  tissue,  the  front  and  back  surfaces  parallel  and  offering  a 
strong  convex  refracting  surface  to  entering  rays.  Posteriorly  it 
is  in  contact  with  the  aqueous  humor — a  fluid  of  the  appearance 
and  consistency  of  water,  hence  its  name,  the  aqueous.  Limited 
by  the  cornea  in  front  and  the  crystalline  lens  behind,  it  is  in  effect 
a  strong  concavo-convex  lens  and  a  powerful  refracting  medium. 
Behind  this  is  the  lens  of  the  eye,  enclosed  in  its  elastic  capsule,  a 
semifluid,  transparent,  sticky  substance,  having  the  outlines  of  a 
double  convex  lens.  It  is  supported  at  its  edges  by  a  ring  of  mus- 
cular tissue,  called  the  ciliary  ring  or  the  muscle  of  accommoda- 
tion. This  ring,  by  its  contraction,  diminishes  the  circumference 
of  the  lens  and  allows  it,  by  its  own  elasticity,  to  become  more 
convex  and  therefore  more  highly  refractive.  Inasmuch  as  this 
increase  of  convexity  and  increased  focusing  power  necessitate 
muscular  contraction  of  the  ciliary  ring,  which  must  be  constantly 
exercised  and  under  constant  variation  during  accommodation,  it 
is  not  difficult  to  understand  why  the  accommodation  becomes 
weary  and  exhausted  after  long-continued  use  of  the  eyes,  and 
particularly  so  in  far-sighted  eyes,  which  require  constant  focus- 
ing in  order  to  bring  the  image  on  the  retina  at  all.  The  lens  is 
the  only  part  of  the  eye  that  can  be  made  to  change  its  curvature 
at  will  and  the  only  accommodative  part  of  the  eye.  Behind  this 
is  the  vitreous,  a  gelatinous,  somewhat  organized  mass  which  fills 
the  ball  back  of  the  lens.  Thus  we  have  a  series  of  lenticular 
bodies,  in  contact  with  each  other,  each  of  different  refracting 
power,  not  unlike  the  series  of  lenses  found  in  high-class  tele- 
scopes or  microscopes.  They  are  held  firmly  in  contact  with  each 
other  and  under  considerable  internal  tension. 

A  perfectly  refracting  eye  is  one  in  which  parallel  rays  of 
light,  on  passing  through  the  eye,  are  brought  to  a  focus  upon  the 
retina  without  material  accommodative  effort,  with  the  lens  m  its 
flattest  condition,  and  with  the  muscle  of  accommodation  relaxed. 

A  far-sighted  eye  is  one  in  which  the  refracting  media  do  not 
bring  the  rays  of  light  to  a  focus  far  enough  forward  to  form  a 
perfect  image  upon  the  retina,  and  the  accommodation  must  be 
exerted  in  order  to  give  clear  vision.  This  accommodative  effort 
in  such  an  eye  is  constant  and  eventually  brings  on  the  usual 
signs  of  exhaustion,  spasm  of  the  accommodation,  headache,  blur, 
inability  to  use  the  eyes,  etc.    This  is  corrected  by  a  convex  lens. 

There  is  one  other  interesting  point  to  make  here.  There  is  a 
certain  relation  between  the  effort  of  accommodation  and  con- 
vergence of  the  eyes.    The  greater  the  effort  to  focus  the  eyes  the 
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greater  is  the  effort  at  convergence.  This  action  is  automatic  and 
proceeds  from  and  is  controlled  by  nerve  centers  in  the  brain. 
If  these  relations  are  harmonious  and  well  balanced,  vision  and 
accommodation  proceed  without  undue  strain,  but  if  either  is  out 
of  harmony  with  the  other  most  disastrous  nervous  disturbances 
result.  This  is  a  fertile  and  interesting  field  of  study  and  practice 
for  the  neurologist  and  ophthalmologist. 

As  one  grows  older  the  tissues  become  firmer  and  less  elastic. 
This  is  true  of  the  eye  and  results  in  hardening  of  the  fluid  lens, 
making  it  less  elastic  and  more  resistant  to  changes  of  curvature 
and  at  the  same  time  the  ciliary  muscle  is  less  able  to  influence 
the  curvature  of  the  lens.  As  the  result  of  these  two  changes  the 
accommodation  for  near  vision  becomes  impaired  and  only  by 
holding  the  object  at  a  more  remote  distance  can  small  objects  be 
seen  clearly  and  soon  even  that  power  is  lost.  A  convex  glass 
converges  the  rays  of  light  and  brings  the  focus  to  the  retina — 
the  thing  which  the  unaided  eye  can  no  longer  do.  This  failure 
generally  begins  at  about  forty-two  years  of  age  and  becomes 
well  marked  at  forty-five. 

Near-sightedness  is  the  condition  in  which  the  focus  is  in 
front  of  the  retina.  There  is  no  relief  by  an  accommodative  effort 
because  such  effort  would  bring  the  image  still  further  forward 
and  aggravate  the  condition.  As  the  result  of  nonuse  of  the 
ciliary  muscle  it  becomes  weak  and  atrophied  and  the  retina 
enfeebled.  Such  conditions  tend  to  become  more  aggravated  with 
time  and  neglect,  and  often  almost  total  destruction  of  vision 
ensues.    A  concave  glass  corrects  this  condition. 

The  first  recorded  case  of  astigmatism  dates  from  the  year 
1801.  This  term  simply  means  that  the  curvature  of  the  eye  in 
one  meridian  is  not  the  same  as  in  other  meridians,  and  while 
lines  in  one  direction  are  well  focused  those  in  another  direction 
are  not  so  clearly  focused,  or,  to  state  it  in  another  way,  the  curve 
of  the  cornea  is  not  a  perfect  spherical  segment  but  somewhat 
flattened  from  opposite  sides,  or  to  speak  more  mathematically 
and  exactly,  its  surface  will  not  present  that  of  a  perfect  surface 
of  revolution,  but  that  of  a  triaxial  ellipsoid.  This  condition  is 
most  prolific  of  reflex  disorders  of  all  kinds  and  of  severe  charac- 
ter. Headaches,  neuralgias,  congestions,  indigestion,  confusion  of 
mind,  and  a  long  train  of  symptoms  are  associated  with  this  error. 
It  is  easy  to  see  how  difficult  and  well-nigh  impossible  it  must  be 
for  the  ciliary  muscle  to  in  any  way  correct  this  irregular  and  ill- 
balanced  distortion  of  the  cornea,  and  how  exhausting  such  at- 
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tempt  must  be.  This  error  is  largely  located  in  the  cornea — 
though  not  always  nor  entirely  so.  It  may  be  caused  by  faulty 
development  of  the  cornea  or  lens,  by  the  unequal  pressure  of 
the  lids  upon  the  cornea,  by  the  undue  tension  of  the  muscles 
which  move  the  eye  in  its  socket,  or  by  irregularities  in  the  bony 
walls  of  the  orbit.    It  may  be  corrected  by  cylindrical  lenses. 

The  muscles  which  move  the  eyeball  are  mostly  arranged  in 
antagonistic  pairs  and  on  opposite  sides  of  the  ball,  the  contrac- 
tion of  one  muscle  and  the  relaxation  of  its  opposite  moving  the 
eye  in  the  corresponding  direction.  If  these  are  not  well  balanced 
or  improperly  attached  to  the  eyeball  this  fault  gives  rise  to  a 
characteristic  train  of  S)miptoms,  like  dizziness,  nausea,  pain  in 
the  back  of  the  head,  congestion  at  the  base  of  the  brain,  etc. 
This  error  is  corrected  by  prismatic  lenses. 

While  each  of  these  conditions,  taken  separately,  seems  to  be 
amenable  to  correction,  yet  such  is  not  always  the  case.  They 
seldom  come  singly  but  usually  several  of  them  are  combined  in 
the  same  eye  and  often  different  complications  in  the  separate 
eyes,  so  that  the  proper  correction  and  balance  of  forces  is  far 
from  easy  and  calls  for  considerable  judgment  and  experience. 
The  disturbance  of  nerv^  functions  aod  perversion  of  sensibility 
associated  with  these  errors  often  demand  considerable  insight 
into  both  the  physiology  and  psychology  of  our  patient. 

Fortunately  we  have  many  instruments  of  precision  to  aid  us  in 
diagnosis.  The  use  of  the  test  lens  and  test  cards  are  familiar 
to  all.  Of  the  test  lens  I  have  already  spoken.  The  test  card 
deserves  some  mention.  It  is  the  result  of  much  study  and  experi- 
ment. The  basis  of  the  system  is  as  follows :  The  average  retina 
can  distinguish  distinctly  a  space  which  subtends  an  angle,  at  the 
retina,  of  one  minute.  If  we  take  five  such  spaces  in  each  direc- 
tion and  outline  our  standard  test-letter  within  that  square  and 
with  each  line  of  the  letter  one  space  wide  we  shall  have  a  figure 
each  part  of  which  will  form  an  image  upon  the  retina  which 
will  subtend  an  angle  of  one  minute,  which  is  as  small  as  the 
majority  of  eyes  can  see.  The  distance  for  which  such  a  standard 
letter  is  constructed  is  twenty  feet,  that  being  the  distance  at 
which  lines  of  light  are  practically  parallel,  so  far  as  the  eye  is 
concerned.  For  a  greater  distance  a  larger  letter  must  be  made 
and  for  a  shorter  distance  a  smaller  letter.  Hence  the  series  upon 
test  cards.  If  the  twenty  foot  letter  is  seen  at  twenty  feet  the 
vision  is  said  to  be  20/20,  the  numerator  being  the  distance  at 
which  the  letter  is  seen  and  the  denominator  indicating  the  size 
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of  letter  that  is  distinguished.  If  the  forty-foot  letter  is  the 
smallest  that  can  be  seen  at  twenty  feet  the  vision  is  said  to  be 
20/40,  and  so  on.  The  opinion  of  the  patient  as  to  how  well  he 
can  see  and  which  lens  gives  the  best  vision  is  of  value  in  pro- 
portion to  the  patient's  perceptive  powers,  his  habits  of  observa- 
tion and  comparison,  his  general  intelligence  and  efforts  at  co- 
operation. But  the  results  vary  so  much  and  are  liable  to  so  many 
errors,  both  of  observation  and  judgment,  that  the  examiner  al- 
ways distrusts  his  results  obtained  in  this  way  and  welcomes  any 
device  that  eliminates  the  personal  element  from  his  work. 

Perhaps  the  simplest  and  most  reliable  of  these  is  the  retino- 
scope  and  the  method  of  determining  the  refraction  with  this 
instrument  is  called  retinoscopy  or  studying  the  reflection  of 
light  as  thrown  back  from  the  retina  of  the  patient.  If  a  pencil 
of  light  is  thrown  into  a  perfectly  refracting  eye  the  light  will 
be  focused  upon  the  retina  and  reflected  back  through  the  pupil, 
after  passing  through  the  various  refracting  media  twice,  in 
the  same  direction  and  in  the  same  parallel  condition  as  it  entered 
the  eye.  If  the  eye  of  the  observer  be  placed  in  the  course  of 
such  reflected  light  he  will  be  able  to  see  the  reflected  image  and 
study  any  slight  movement  he  may  impart  to  the  entering  rays 
as  the  light  is  reflected.  The  principle  involved  is  that  if  the  re- 
fracting media  of  the  eye  are  so  perfect  as  to  converge  the 
parallel  entering  rays  and  brings  them  to  a  focus  upon  the  retina, 
the  same  rays  reflected  from  the  retina  and  passing  through  the 
same  media  in  reverse  order,  will  emerge  from  the  eye  parallel, 
as  they  entered.  But  if  the  refracting  media  of  the  eye  do  not 
focus  the  light  perfectly,  then  the  emerging  rays  will  not  be  parallel 
and  will  not  respond  to  the  experimental  movements  of  the  rays 
and  the  variations  will  be  interpreted  by  the  examiner  to  indicate 
certain  errors.  When  a  lens  has  been  placed  in  position  in  front 
of  the  eye,  of  such  strength  as  to  correct  the  observed  errors,  the 
reflected  light  will  become  parallel  and  so  inform  the  observer. 
It  is  evident  that  this  added  lens  will  be  the  correction  for  the 
refractive  errors  of  the  eye.  By  this  method  the  examiner  can 
rely  upon  the  infallible  laws  of  light  for  his  diagnosis  instead  of 
the  fallible  and  uncertain  observation  and  opinion  of  himself  and 
his  patient. 

Another  valuable  aid  is  the  ophthalmoscope,  which  enables  the 
physician  to  see  the  retina,  directly  and  clearly,  and  at  the  same 
time  note  the  strength  of  lens  needed  in  order  t(^  get  the  most  per- 
fect focus  upon  the  retina.    This  lens  is  the  measure  of  the  error 
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of  the  eyes  of  both  the  observer  and  the  observed.  By  subtracting 
the  known  error  of  the  examiner  the  remainder  is  approximately 
the  correction  sought.  Not  only  does  this  instrument  help  in  de- 
termining the  refraction,  but  enables  the  physician  to  actually  see 
and  examine  in  detail  every  part  of  the  internal  eye,  the  retina,  the 
choroid,  the  vitreous,  the  lens,  the  iris,  the  aqueous,  the  cornea, 
and  the  optic  nerve.  The  principle  is  simply  to  reflect  light  into 
the  eye  and,  through  a  hole  in  the  reflecting  mirror,  to  look  into 
the  illuminated  eye. 

The  ophthalmometer  is  an  instrument  used  to  measure  thp 
curvature  of  the  cornea,  and  as  most  of  the  astigmatism  lies  in 
that  tissue  this  instrument  becomes  of  value  in  that  condition. 
The  instrument  is  complicated  but  the  essential  principle  is  simple. 
Two  illuminated  objects  are  placed  before  the  eye  and  the  light 
from  each  falls  upon  the  surface  of  the  cornea  and  is  reflected 
forward  to  the  observer,  and  the  distance  between  the  images  is 
carefully  measured.  In  point  of  fact,  the  objects  are  brought 
near  enough  to  each  other  for  the  images  to  be  in  contact.  Then 
the  objects  are  revolved  into  a  position  at  right  angles  to  their 
former  position  and  their  distance  apart  is  noted.  If  the  cornea 
presents  a  perfect  curve  the  distance  between  the  images  will 
remain  as  before.  The  difference  in  their  distance  in  the  differ- 
ent positions  gives  the  data  for  computation  of  the  curve  of  the 
cornea  in  its  different  meridians,  and  by  repeating  the  observa- 
tions it  is  not  difficult  to  determine  the  meridian  of  greatest  curva- 
ture and  the  meridian  of  least  curvature.  This  will  give  the  axis 
of  the  astigmatism  and  its  amount.  If  the  astigmatism  were 
all  in  the  cornea  this  would  be  absolute,  but  unfortunately  for 
the  usefulness  of  the  instrument,  the  other  media,  especially  the 
lens,  may  be  the  seat  of  astigmatism  also,  so  that  the  ophthal- 
mometer is  of  limited  use  only* 

In  describing  these  instruments  I  have  eliminated  many  ele- 
ments and  modifications  and  have  made  statements  \yhich  may 
not  be  absolutely  accurate  in  order  to  simplify  the  descriptions 
and  to  emphasize  the  salient  elements  and  principles  of  each. 
They  all  help  in  diagnosis  but,  after  all,  the  use  of  common  sense 
and  experienced  observation  count  for  much  in  adapting  theoreti- 
cal findings  to  the  alleviation  of  suffering.  We  must  always  rec- 
ognize that  we  not  only  a  delicate  optical  instrument  with  which 
to  deal,  but  also  a  most  sensitive  living  tissue. 
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AN  INEXPENSIVE  ATWOOD  MACHINE. 

By  Philo  F.  Hammond, 
High  School,  Snohomish,  Wash, 

In  a  teachers'  class  at  a  summer  school  at  the  University  of 
Washington  an  attempt  was  made  to  work  out  some  form  of  an 
efficient,  yet  inexpensive,  acceleration  apparatus.  An  ordinary 
rigid  inclined  plane  was  found  to  have  too  much  fricticMi  to  give 
good  results.  The  friction  can  be  reduced  to  a  minimum  by  using 
pulleys  running  over  wires,  but  it  is  almost  impossible  to  prevent 
the  wires  from  sagging,  which  makes  the  angle  of  the  incline 
greater  near  the  top  and  this  causes  the  results  to  vary.  Forms 
of  machines  depending  upon  the  ear  are  unsatisfactory.  Other 
forms  depending  upon  electrical  device  are  efficient,  but  too  ex- 
pensive for  small  high  schools. 

The  machine  here  described  has  been  worked  out  in  this  labora- 
tory as  a  result  of  the  thought  given  to  the  problem  at  that  time, 
and  we  have  used  it  for  the  last  two  years. 

I  am  of  the  opinion  that  by  making  the  apparatus  on  a  larger 
scale  a  bicycle  wheel  could  be  used,  if  care  enough  were  taken  to 
balance  and  adjust  it  so  that  it  would  run  true.  This  would  make 
the  cost  very  small  and  the  whole  machine  could  be  made  in  the 
laboratory. 

An  aluminum  wheel  (Fig.  i)  about  20  cm.  in  diameter  and 
having  a  flat  face  one  cm.  wide,  suitable  for  a  paper  belt,  was 
purchased  of  one  of  the  laboratory  supply  houses  whose  advertise- 
ment appears  in  this  Journal.  This,  together  with  the  iron  frame 
in  which  it  was  hung,  cost  us  $4.75.  This  expense  covered  prac- 
tically the  total  cash  cost  of  the  apparatus. 

This  wheel  is  very  light,  it  is  perfectly  balanced,  and  having 
cone  bearings,  it  runs  with  the  smallest  possible  friction.  The 
iron  frame  in  which  the  wheel  runs  was  mounted  upon  a  maple 
support  made  from  a  board  taken  from  an  old  coefficient  of  ex- 
pansion apparatus.  Two  screw  eyes  were  screwed  into  the  upper 
end  of  the  support,  which  hooked  into  two  hooks  screwed  into 
the  moulding  at  the  top  of  an  apparatus  cupboard.  At  the  lower 
end  of  this  support  a  wooden  screw  served  to  adjust  the  support 
so  that  tlie  wheel  would  stand  vertically. 

An  oak  stick  3  cm.  x  3  cm.  and  about  65  cm.  long  was  clamped 
to  two  iron  stands  (S-S,  Fig.  i)  to  support  a  pendulum  which 
hung  directly  over  the  top  of  the  wheel  in  such  a  way  as  to  vibrate 
at  right  angles  to  the  direction  the  wheel  rotates.    This  pendulum 
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was  made  by  drilling  two  holes  into  a  large  iron  ball  about  45 
degrees  apart,  into  which  two  screw  eyes  were  securely  fastened. 
From  these  two  screw  eyes,  the  pendulum  was  suspended  by  two 
piano  wires  clamped  between  two  iron  plates  35  cm.  long  and 
held  together  by  means  of  three  stove  bolts.  These  iron  plates 
were  supported  at  their  centers  across  the  end  of  the  oak  stick 
mentioned  above,  and  held  into  position  by  an  iron  clamp.  By 
using  two  piano  wires  in  this  way,  the  pendulum  can  vibrate  in 
only  one  plane.    This  is  absolutely  necessary. 


Fig,  3 


Into  a  hole  drilled  into  the  ball  on  the  side  next  to  the  stands, 
a  hook  was  fastened  for  tying  the  end  of  a  thread  (Fig  i,  B)  the 
use  of  which  is  explained  below.  On  the  under  part  of  the  ball 
and  directly  over  the  wheel,  another  hole  was  drilled  to  carry  a 
camel's  hair  brush. 
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A  thin  oak  stick,  shaped  as  given  in  Fig.  i-A,  was  fastened  to 
the  top  of  the  cupboard  by  means-of  a  nail  with  its  end  bent  so 
that  the  stick  could  move  upon  the  nail  as  a  hinge.  Another  nail, 
with  its  upper  end  bent  over  the  stick,  prevented  the  stick  from 
lifting  too  high.  A  wire  was  fastened  into  two  holes  in  this  stick 
and  a  hook  made  on  the  upper  part  as  shown  in  the  cut.  This 
stick  we  will  call  the  "stop."'  It  prevents  the  rotation  of  the 
wheel,  by  coming  in  contact  with  a  projecting  rod  on  the  side  of 
the  wheel,  when  it  is  raised  as  far  as  the  bent  nail  will  allow  it  to 

go. 

Just  to  the  left  of  the  "stop"  and  directly  in  line  with  the  pendu- 
lum, an  ink  well  (Fig.  4)  was  placed,  as  close  to  the  wheel  as 
possible  without  interfering  with  the  wheel  or  belt.  This  was 
made  by  cutting  a  small  cavity  in  the  side  of  a  cork  which  was 
wired  to  a  strip  split  from  the  lid  of  a  crayon  box.  The  ink-well 
was  set  slightly  higher  than  the  wheel  and  so  adjusted  that  the 
camel's  hair  brush  passed  through  the  ink  and  marked  the  paper 
belt  as  it  passed  over  it.  The  hairs  on  the  brush  were  trimmed  so 
that  they  came  to  a  point. 

To  operate  the  machine,  the  ends  of  two  strips  of  light  pliable 
paper  230  cm.  long  and  one  cm.  wide  are  pasted  to  two  small 
envelopes  so  as  to  form  a  continuous  belt.  This  belt  is  hung  over 
the  wheel  so  that  one  envelope  is  near  the  top  of  the  wheel  (Fig. 
2).  A  few  drops  of  ink  are  then  put  into  the  ink-well  by  means 
of  a  medicine  dropper.  The  brush  in  the  pendulum  is  then  ad- 
justed so  that  it  will  mark  on  the  paper  with  the  least  friction 
possible.  A  loop  in  the  end  of  the  thread  is  attached  to  the  hook 
on  the  pendulum  bob  (Fig.  i-B).  From  this  hook  the  thread  is 
passed  around  the  standard,  clockwise  to  the  hook  on  the  stop 
and  back  to  the  second  standard  where  it  is  fastened.  A  fifty 
gram  weight  is  placed  in  each  envelope  and  in  the  envelope  at  the 
top  a  two  or  three  gram  "overweight"  is  placed.  The  wheel  is 
then  held  in  position  and  the  pendulum  allowed  to  pass  across  the 
belt  to  mark  the  starting  point. 

When  all  is  ready  the  thread  is  burned  off  near  the  hook  on 
the  pendulum  bob.  This  releases  both  pendulum  and  stop  simul- 
taneously. As  the  wheel  rotates,  the  camel's  hair  brush  marks  off 
spaces  covered  in  equal  intervals  of  time  on  the  paper  belt.  When 
the  weight  nears  the  floor,  the  wheel  is  stopped,  and  the  belt  re- 
moved and  reversed  from  right  to  left  in  such  a  way  that  the  en- 
velope carrying  the  overweight  will  be  on  the  same  side  of  the 
wheel  as  at  first,  and  the  operation  repeated  so  as  to  use  the  un- 
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marked  side  of  the  paper  belt.  Then  the  belt  is  removed  and 
separated  from  the  envelopes. 

Measurements  are  then  taken  from  the  starting  point  to  each 
diagonal  line,  care  being  taken  to  measure  to  the  centers  of  the 
diagonal  lines  (Fig.  3-A).  The  measurements  are  first  taken 
from  the  starting  point  to  diagonals  passing  across  in  one  direc- 
tion, i.  e,j  those  made  by  the  pendulum  when  moving  in  the  same 
direction;  then  from  the  starting  point  to  the  diagonals  passing 
across  in  the  other  direction.  This  is  done  to  eliminate  any  error 
due  to  the  pendulum  not  being  adjusted  directly  over  the  center 
of  the  wheel.  The  pendulum  is  a  half  seconds  pendulum;  and 
by  measuring  in  this  way,  the  time  unit  is  a  whole  second. 

Since  the  pendulum  starts  from  its  position  when  drawn  from 
the  center,  the  time  from  starting  to  the  first  diagonal  is  one 
fourth  of  a  second  and  to  the  second  diagonal  three  fourths  of  a 
second.  This  makes  the  numbers,  representing  the  total  time 
from  the  time  of  starting,  end  in  fourths  of  seconds.  This  is 
not  a  serious  difficulty,  however,  although  it  makes  a  little  more 
work  in  computing  the  total  space  covered. 

I  have  found  that  it  saves  time  to  have  a  set  of  belts  already 
made  for  each  member  of  the  class.  Then  let  the  class  see 
the  machine  in  operation  giving  such  explanations  as  are  nec- 
essary, after  which  all  the  members  of  the  class  take  measure- 
ments from  the  belts  distributed  among  them. 

I  am  quite  sure  that  this  apparatus  could  be  used  to  prove 
/  =  ma  similar  to  the  exercise  described  in  the  January  number 
Data  Taken  by  A.  C.  Shadinger  and  Newell  Fowler. 
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of  School  Science  and  Mathematics,  but  I  have  not  used  it 
for  that  purpose. 

While  this  machine  does  not  "work  better  in  practice  than  it 
does  in  theory"  it  is  a  very  elBScient  piece  of  apparatus  and  no 
instructor  of  physics  need  be  without  it  for  lack  of  funds.  The 
errors  usually  range  from  one  to  four  per  cent. 

Questions — (To  be  answered  by  the  students). 

( 1 )  What  principle  is  illustrated  by  the  diagonal  lines  on  the 
paper  belt  ? 

(2)  Why  do  the  lines  get  longer  as  the  space  increases? 

(3)  Does  the  amplitude  of  the  pendulum  have  anything  to  do 
with  the  size  of  the  angles  these  lines  make  with  the  paper? 
If  so,  explain. 

(4)  Why  is  the  acceleration  not  980  cm.  per  sec.  per  sec? 

(5)  Give  all  possible  sources  of  error. 


VOCATIONAL  TBAINING  NOT  OPPOSED  TO  CULTURE. 

It  seems  evident  that  we  must  infuse  into  our  system  of  public  educa- 
tion a  vocational  training  that,  by  correlation  with  other  studies,  shall  the 
better  fulfill  its  function.  The  old  idea  that  vocational  education  is  some- 
how opposed  to  culture  should  be  done  away  with.  The  so-called  cultural 
studies,  frequently  forced  upon  the  uninterested  pupil,  contribute  little  or 
nothing  to  his  mental  growth.  But  a  group  of  studies  related  to  and 
grouped  around  a  central  vocational  aim  may,  by  fully  arousing  the 
interest,  lead  to  the  pursuit  of  a  wider  knowledge.  But,  even  if  this 
were  not  so,  the  first  aim  of  our  schools  should  be  to  fit  our  boys  and 
girls  for  life — in  other  words,  to  give  them  some  special  knowledge  by 
which  they  can  make  a  living. 

But  following  this  first  and  indispensable  step  must  come  the  opportu- 
nity for  further  education  for  our  workers,  both  young  and  old.  Public 
continuation  schools,  free  lectures,  social  centers — ^all  must  give  to  the 
individual  the  special  training  he  requires,  either  along  vocational  or 
purely  cultural  lines.  And  the  better  the  workman,  the  more  likely  is  he 
to  broaden  his  horizon.  "What  is  the  most  pressing  need  in  legislation?" 
says  Canon  Barnett,  the  founder  of  Toynbee  Hall.  "It  is  that  a  way  may 
be  opened  for  an  alliance  between  knowledge  and  industry,  between  the 
universities  and  the  labor  party.  It  is  a  sign  of  the  times  that  the  trade 
unions  send  relays  of  men  to  study  at  Ruskin  College  in  Oxford,  and  that 
an  association  of  trade  unionists  and  cooperators  has  been  formed  for 
the  higher  education  of  workingmen."  It  is  quite  as  important  for 
America  as  for  England  to  build  upon  the  vocations  this  broader  outlook 
for  the  wage-earner;  for  not  until  public  education  meets  the  widest 
needs  of  all  the  people  can  it  be  said  to  be  truly  democratic — American 
Review  of  Reviews. 
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THE  OPPORTUNTTT  NOW  BEFORE  TEACHERS  OF  PHYSIOS. 

By  J.  M.  Jameson, 
Pratt  Institute. 

{Continued  from  the  April  number.) 
The  March  article  of  this  series  discussed  several  simple  ex- 
ercises by  which  the  student  may  be  led  to  apply  the  principle 
of  the  parallelogram  of  forces.  In  all  of  these,  the  point  of  con- 
currence of  the  forces  is  clearly  evident.  The  study  should  not 
cease,  however,  until  instances  in  which  the  forces  are  applied  at 
different  points  on  a  body  have  been  considered,  and  especially 
one  in  which  three  forces  only  are  acting.  The  fact  that  the 
action  lines  of  these  three  forces,  when  not  parallel,  must  pass 
through  a  common  point  to  produce  equilibrium  should  be  made 
clear.  An  excellent  example  for  this  is  provided  by  the  simple 
apparatus  of  a  heavy  bar  suspended  by  two  converging  or  diverg- 
ing cords  as  in  the  common  method  of  hanging  a  picture.  With 
this,  the  student  may  be  made  to  appreciate  that  the  center  of 
gravity  of  the  bar  will  always  lie  in  the  vertical  line  through 
the  point  of  intersection  of  the  direction  lines  of  the  cords,  no 
matter  in  what  position  the  bar  is  hung,  and  that  the  diagonal  of 
the  parallelogram  formed  on  any  two  of  the  three  forces  (the 
tensions  in  the  cords  and  the  weight  of  the  bar)  represents  a 
force  equal  and  opposite  to  the  third  force.  The  tensions  in  the 
cords  may  be  measured  and  the  weight  of  the  bar  then  solved  for, 
or  the  weight  of  the  bar  may  be  assumed  and  the  two  tensions 
then  found,  as  preferred.  The  solution  may  be  checked  in  either 
case  from  the  readings  of  spring  balances  inserted  in  the  cords  or 
from  the  weight  of  the  bar.  Light  balances  which  do  not  sag  the 
cords,  such  as  Chatillon's  tubular.  Sportsman's  balances,  will  be 
found  most  satisfactory  for  measuring  the  tension  in  all  such 
cases. 

A  bent  arm  lever  such  as  used  with  the  old-fashioned  door  bell 
pulls  or  in  operating  railway  switches  and  semaphores,  provides 
another  excellent  illustration.  The  point  of  intersection  of  the 
two  forces  applied  to  the  arms  may  here  be  determined,  and  dem- 
onstration may  then  be  made  of  the  fact  that  the  reaction  fur- 
nished by  the  pin  about  which  the  lever  turns  also  passes  through 
this  point,  and  that  the  value  of  the  reaction  is  equal  and  opposite 
to  the  diagonal  of  the  force  parallelogram  drawn  to  scale  on  the 
two  forces.  The  value  and  direction  of  the  pin  reaction  may  be 
found  from  the  value  and  direction  of  the  pull  which  will  hold 
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the  lever  in  position  when  the  pin  is  removed.  This  conception  of 
a  pin  or  a  hinge  as  furnishing  a  reaction  of  a  definite  amount  and 
in  a  definite  direction  is  an  important  one  in  appHed  mechanics. 

Group  III.    Moment  of  Force. 

Probably  no  one  idea  is  of  greater  importance  in  statics  and 
in  applied  mechanics  in  general  than  that  of  the  moment  of  a 
force  with  respect  to  a  given  axis.  The  usual  elementary  exercises 
on  levers,  where  the  forces  are  always  applied  at  right  angles  to 
the  bar,  do  not  develop  this  idea  with  sufficient  definiteness.  Such 
exercises  fail  to  bring  out  the  conception  of  the  moment  arm  as 
the  perpendicular  distance  from  the  axis  to  the  action  line  of  the 
force,  and  to  show  the  usefulness  of  the  principle  of  moments  in 
cases  of  oblique  as  well  as  of  parallel  forces.  The  following  are 
suggested  as  simple  problems  introducing  the  idea  of  moment  of 
force  in  a  practical  and  general  sense : 

(a)  The  Steelyard. 

An  ordinary  steelyard  from  which  the  graduation  notches  have 
been  removed  with  a  file  provides  a  most  excellent  piece  of  afh 
paratus  for  the  elementary  laboratory.  Two  or  three  sliding 
weights  of  diflferent  sizes  should  be  provided  with  each  bar  so 
that  different  conditions  for  balance  may  be  arranged  with  the 
same  piece.  The  student  may  first  find  the  center  of  gravity  and 
weight  of  the  steelyard  bar  alone,  and  the  weight  of  his  slider. 
From  these  and  the  distance  from  the  supporting  hook  to  the  cen- 
ter of  gravity,  he  may  be  required : 

(A)  To  find  the  "zero"  of  the  apparatus;  i.  e.,  where  the 
sliding  weight  must  be  hung  to  balance  the  unloaded  steelyard. 

(B)  The  length  of  i  lb.,  2  lb.,  etc.,  "notches"  on  the  bar. 

(C)  The  weight  of  an  unknown  heavy  body  by  means  of  the 
apparatus  he  has  thus  graduated. 

All  these  are  direct  problems  in  moments  and  all  may  be 
checked  by  trial  with  corresponding  known  weights. 

(b)  The  Center  of  Gravity  of  a  Surface. 

In  addition  to  the  importance  of  being  able  to  locate  the  gravity 
axis  of  a  section  in  applied  mechanics  and  in  the  study  of  the 
strength  of  materials,  this  problem  has  a  high  value  as  a  simple 
and  direct  exercise  in  moments.  The  apparatus  required  is  the 
simplest,  consisting  only  of  cardboard  of  uniform  thickness,  cross 
section  paper,  ruler  and  divides.  Surfaces  bounded  by  straight 
or  by  curved  lines  may  be  assigned — ^preferably  one  of  each  sort. 
Standard  sections  for  I  beams,  angles,  etc.,  should  be  selected 
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when  possible.  The  student  should  be  required  first  to  lay  out  his 
figure  to  scale  upon  the  cardboard.  This  figure  is  then  to  be  cut 
out  neatly  and  accurately  and  outlined  upon  a  sheet  of  cross  sec- 
tion paper  by  placing  it  upon  the  cross  section  paper  and  passing 
a  pencil  around  the  edge.  The  computation  for  the  center  of 
gravity  of  the  figure  by  the  usual  two  equations  referred  to  two 
axes  at  right  angles  is  then  to  be  made,  the  dimensions,  distances 
from  the  axis,  etc.,  being  taken  directly  from  the  cross  secticwi 
I>aper  as  required.  Finally,  the  solution  is  to  be  checked  by  sus- 
pending the  card  from  two  points  and  thus  locating  the  center 
of  gravity  experimentally. 

(c)  The  Ladder  Problem. 

This  problem  never  fails  to  arouse  interest  provided  a  real  lad- 
der (at  least  eight  or  ten  feet  long)  and  loads  of  a  hundred  pounds 
or  more  are  used.  The  arrangement  of  apparatus  is  shown  in 
Fig.  II.  The  center  of  gravity  and  weight  of  the  ladder  must  be 
known.  These  and  the  amount  and  position  of  the  load  placed  on 
the  ladder,  together  with  angles,  distances,  etc.,  which  may  be 
measured  on  the  apparatus  as  required,  constitute  the  known  data. 
The  problem  is  then  to  determine  the  horizontal  reaction  at  the 
top  of  the  ladder,  and  the  vertical  and  horizontal  ground  reaction 
at  the  foot.  The  equation  of  moments  about  an  axis  through  the 
point  of  application  of  the  reactions  at  the  foot  of  the  ladder 
may  be  solved  to  find  the  horizontal  reaction  at  the  top.  A  simi-r 
lar  equation  about  the  axis  through  the  point  at  which  the  direc- 
tion lines  of  the  horizontal  reaction  at  the  top  and  the  vertical 
reaction  at  the  foot  intersect  gives  the  horizontal  reaction  at  the 
foot,  and  a  third  moment  equation  about  an  axis  at  the  top  of 
the  ladder  now  gives  the  vertical  ground  reaction  at  the  foot. 
These  equations  furnish  most  valuable  ideas  about  the  moment 
arms,  axes  of  moments,  and  moment  equations  for  a  member  of 
a  structure  when  in  equilibrium. 

Or  if  preferred,  the  apparatus  may  be  used  as  a  simple  illustra- 
tion of  the  general  conditions  for  equilibrium : 

(i)     Sum  X  Components  =  zero. 

(2")     Sum  Y  Components  =  zero. 

(3)     Sum  moments  =  zero. 

Equation  (3)  having  been  solved  for  an  axis  at  the  foot  of  the 
ladder,  the  values  for  equations  (i)  and  (2)  may  be  found  by 
substitution.  The  solution  is  to  be  checked  in  either  case  by  the 
balance  readings  in  the  horizontal  cords  at  the  top  and  foot  of 
the  ladder,  and  from  the  weight  on  the  platform  scale  upon  which 
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Fig.  II.    Forces  on  a  Ladder. 

the  ladder  rests.  The  play  allowed  by  the  platform  of  the  scale 
will  usually  be  sufficient  to  permit  of  judgment  as  to  when  the 
horizontal  thrust  at  the  foot  is  taken  by  the  cord ;  in  cases  where 
it  is  not,  the  ladder  may  be  put  on  freely  moving  casters.  Read- 
ings of  the  balances  in  the  cords  and  of  the  weight  on  the  scale 
must  be  taken  when  the  ladder  is  held  "floating,"  i.  c,  free  at  the 
top.  If  it  is  desired  to  include  a  force  at  the  top  such  as  would 
be  given  by  the  friction  of  the  ladder  against  the  side  of  a  build- 
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ing,  etc.,  a  vertical  cord  may  be  attached  at  the  top  and  any  de- 
sired vertical  force  thus  applied.  (d)     The  Arch  : 

The  arch  shown  in 
Fig.  12  furnishes  an 
exercise  in  moments 
similar  to  the  ladder 
problem  and  may  be 
used  as  an  alternative 
for  it.  A  second  appli- 
cation of  the  same  prin- 
ciples of  mechanics  is 
thus  available,  and  a 
larger  number  of  stu- 
dents may  be  provided 
with  an  exercise  of  the 
same  character  without 
dupHcation  of  apparatus. 
The  weights  of  the  two 
halves  of  the  arch,  which 
is  made  in  two  pieces, 
and  the  applied  loads  are  to  be  taken  as  the  known  forces,  from 
which  together  with  the  necessary  distances,  etc.,  measured  on 
the  model,  the  reactions  at  the  supports  and  the  compression  at 
the  center  of  the  arch  ring  are  to  be  found.  One  end  of  the  arch 
should  be  held  by  a  pin  through  the  frame  to  give  stability,  the 
other  end  should  be  "floated"  by  cords  as  in  the  figure.  The 
balances  in  these  cords  measure  the  vertical  and  horizontal  reac- 
tions at  the  support.  The  compression  at  the  middle  of  the  arch 
ring  where  the  two  halves  join  may  be  measured  by  a  compression 


Fig.  12.    The  Arch. 


Fig.  13.    Forces  on  a  Half  Arch. 
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balance  or  by  attaching  balances  and  pulling  horizontally  in  op- 
posite directions  until  the  halves  are  separated.  The  solution  of 
the  problem  will  be  obvious  from  the  diagram  of  the  forces  on 
a  half  arch  given  in  Fig.  13,  and  the  suggestions  for  the  moment 
equations  given  for  the  similar  problem  with  the  ladder.  A  sug- 
gestive variation  in  the  exercise  may  be  made  by  loading  the  two 
halves  differently  and  noting,  through  "floating"  first  one  end 
and  then  the  other,  that  under  such  conditions  the  horizontal 
reactions  at  the  ends  are  equal,  while  the  vertical  reactions  are 
different. 

(e)      The    Wall 
Crane. 

A  somewhat  elaborate 
but  very  satisfactory 
form  of  this  apparatus 
with  which  large  loads 
may  be  used  is  shown  in 
Fig.  14.  The  tension  in 
the  tie  rod  and  the  ver- 
tical and  horizontal  reac- 
tions at  the  pin  by  which 
the  horizontal  arm  is  at- 
tached to  the  support  at 
the  wall  are  here  meas- 
ured for  any  given 
amount  and  arrange- 
ment of  load  by  means 
of  balance  pulls  applied 
to  levers  of  previously 
determined  multiplying 
power.  An  equally  sat- 
isfactory and  very 
simple  form  for  small 
loads  may  be  arranged 
from  the  small  wall  truss 
shown  in  Figs,  i  and  3 
(see  the  March  issue  of  this  journal).  The  light  rod  of  that 
apparatus  should  be  replaced,  for  the  purposes  of  this  exercise,  by 
a  rod  of  rectangular  section  having  sufficient  depth  to  resist 
bending.  The  slot  in  the  end  of  this  rod  at  the  wall  should  be 
so  constructed  as  to  permit  of  its  being  freed  from  the  pin  both 
horisontaUy  and  vertically,  as  the  pin  must  now  supply  a  reaction 


Fig.  14.    The  Wall  Crane. 


Digitized  byVjOOQlC 


OPPORTUNITY  BEFORE  PHYSICS  TEACHERS  509 

in  both  directions,  the  resultant  of  which  does  not  lie  along  the 
axis  of  the  stick.  The  forces  producing  equilibrium  are  now  as 
shown  in  Fig.  15.  W  and  L  are  known  in  amount  and  position 
and  T,  H,  and  V  are  to  be  determined  from  the  conditions  of 
the  problem.  The  horizontal  component  of  the  pin  reaction,  H, 
may  be  checked  by  a  horizontal  pull  applied  at  the  outer  end  of 
the  rod  as  for  the  exercise  on  the  stick  and  tie,  the  vertical 
reaction,  V,  by  the  pull  in  a  third  vertical  cord  attached  to  the  end 
of  the  rod  next  the  wall  required  to  free  the  end  from  the  pin. 
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Fig.  15.    Forces  on  the  Jib  of  a  Wall  Crane. 

With  this  apparatus  which  is  a  practical  model  of  a  common  wall 
or  post  crane,  the  student  may  determine  the  tension  in  the  tie  and 
the  components  of  the  reaction  furnished  by  the  pin  supporting 
the  end  of  the  horizontal  arm  at  the  wall  due  to  any  given  load, 
and  may  note  the  dependence  of  these  forces  upon:  (a)  the  angle 
which  the  tie  makes  with  the  arm ;  (b)  the  amount  of  the  load 
and  the  distance  from  the  wall  at  which  it  is  applied. 

Group  IV.    The  Use  of  Models  of  Commercial  Structures  as 

I^ABORATORY  APPARATUS. 

The  arch  and  wall  crane  of  Group  III  may  very  properly  be 
regarded  as  coming  under  this  heading  of  "models"  to  be  used  in 
teaching  mechanics.  The  writer's  only  excuse  for  classifying 
them  as  exercises  in  moments  is  the  desire  to  emphasize  the  im- 
portance of  the  idea  of  moment  of  force  and  to  illustrate  the  very 
common  application  of  the  principle  in  determining  the  forces  in 
the  members  of  familiar  structures.  The  selection  of  this  fourth 
classification  is  equally  frankly  a  means  to  the  much  desired  end 
of  bringing  sharply  to  the  attention  of  physics  teachers  the  issue 
of  applied  physics  as  contrasted  with  purely  scientific  or  historical 
physics,  and  of  arousing  a  fuller  consideration  of  what  is  really 
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involved  in  the  problem  of  so-called  "applications  of  physics." 
That  we  should  make  some  application  of  our  physics  teaching 
to  everyday  life,  I  imagine  every  physics  teacher  will  agree.  But 
what  applications  and,  especially,  how?  A  few  scattering  "appli- 
cations'' dragged  in  after  the  whole  subject  has  been  developed  in 
a  purely  abstract,  book  way,  in  a  schoolroom  atmosphere  and  by 
schoolroom  methods,  both  absolutely  distinct  from  those  which 
will  obtain  as  soon  as  the  pupil  gets  outside  the  school,  in  my 
judgment,  will  never  secure  for  physics  real  results.  Our  teach- 
ing ought  to  be  through  the  applications,  through  the  pupil's  own 
experience  and  observation,  and  our  laboratories  ought  to  be  filled 
with  the  common  objects  of  everyday  life,  reproducing  as  fully 
as  possible  actual  conditions.  And  of  no  part  of  physics  should 
this  be  more  true  than  of  mechanics  which  is  so  essentially  a 
usable  subject.  The  pupil  who  knows  the  principles  of  mechanics 
in  their  "word  forms"  only  has  no  real  knowledge  of  mechanics. 
And  how  are  we  to  teach  real  mechanics  except  as  we  deal  with 
real  things  ?  This  is  the  fundamental  problem  that  the  'teacher 
of  physics  must  face,  and  it  is  as  a  suggestion  for  the  solution  of 
this  problem  that  I  am  urging  the  use  of  models  in  teaching  me- 
chanics. Such  models 
are  not  limited  to  stat- 
ics, but  that  is  the  part 
of  mechanics  that  hap- 
pens now  to  be  under 
consideration.  Several  of 
these  "models"  have 
been  mentioned.  Other 
teachers  have  developed 
many  different  and  bet- 
ter ones.  Let  us  get 
them  all  together  and 
before  physics  teachers 
for  their  consideration. 
And  before  I  call  my 
part  in  this  work  of  pub- 
licity finished  (or  just 
started  as  you  prefer),  I 
wish  to  mention  two 
other  pieces  that  have 
been     tried     thoroughly 


Fig.  1 6.    Laboratory  Model  of 
A  Shear  Legs. 
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and  found  most  satisfactory. 

(a)     The  Shear  Legs. 

This  model  as  shown  in  Fig.  16  may  be  made  from  tubing 
or  from  wood  as  preferred.  In  the  one  here  shown  the  legs  are 
about_4  feet  long,  of  Ij^^  inch  oak.  The  "feet"  are  tapered  and 
set  in  holes  in  the  board  MN  which  is  screwed  fast  to  the 
table.  Several  quick  adjustments^ of  the  "spread"  are  thus 
possible.  The  legs  are  joined  at  A  by  a  hinge,  the  pin  of  which 
passes  through  a  clevis.  By  fastening  a  balance  to  the  clevis 
and  pulling  up,  along  the  line  of  a  leg,  until  the  foot  just 
clears  the  support,  the  thrust  at  foot  of  the  leg  may  be  de- 
termined. The  tie  is  of  braided  wire  and,  by  an  easy  adjust- 
ment of  its  length,  the  legs  can  be  inclined  at  any  angle  to 
the  vertical.  A  spring  balance  placed  in  the  tie  registers  the 
tension  in  that  member. 

The  method  of  solution  usually  followed  is  as  follows:  About 
a  20  pound  load  is  hung  at  W.  The  legs  together  weigh  2 
pounds,  and  as  one  half  of  this  may  be  considered  as  acting  at 
A  and  the  other  half  at  the  feet,  one  pound  is  added  to  the  weight 
W,  in  all  computations. 

The  thrusts  in  the  legs  may  be  imagined  to  be  taken  up  by  a 
single  member  in  the  plane  of  AB  and  AW,  running  from  R 
to  A  (See  Force  Diagram,  Fig.  17).  We  now  have  a  simple 
case  of  equilibrium  produced  by  three  forces  meeting  at  a  com- 
mon point.  The  stresses  in  tie  AB  and  imaginary  leg  AR,  are 
now  found  graphically  or  by  trigonometry.  Using  the  same 
methods,  the  force  AR  is  then  resolved  into  its  two  components 
along  the  legs,  AC  and  AD.  By  adding  to. these  values  .7 
pound  (the  effect  of  the  remaining  weight  of  the  leg),  the 
thrust  at  the  foot  is  found.  These  results  are  then  compared 
with  the  test  readings  taken  as  described. 

Below  is  a  copy  of  the  results  obtained  by  two  students : 
Experiment  No.  14-2.    The  Shears. 

A  known  weight,  W,  was  hung  on  the  model,  and  the  angles  between 
the  different  members  measured.  The  compression  in  the  legs  and  the 
tension  in  the  tie  (AB)  were  then  computed  by  the  following  method, 
and  the  results  obtained  checked  by  reading  the  balances  placed  in  the  line 
of  tie  and  legs.  data. 

W    18.4    Pounds 

Weight  of  AC 1  Pound 

Weight  of  AD 1  Pound 

Angle,   WAB    67   Degrees 

Angle,  WAR  25  Degrees 

Angle,  CAR 31  Degrees 

Angle,  DAR  31  Degrees 
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Method  of  solution: 

By  Fig.  17,  it  is  seen  that  forces  AD 
and  AC  may  be  replaced  by  a  single  force 
AR,  which  will  be  their  resultant.  Using 
this  resultant  together  with  forces  AB 
and  AW,  a  force  diagram,  Fig.  18,  of  the  ^ 
point  A  was  drawn  in  which  AW  repre- 
sented the  known  weight  W;  AB  the  ten- 
sion in  tie;  AR,  the  resultant  of  the 
thrusts  in  legs  AD  and  AC. 

Note. — One  half  the  combined  weight  of  T^  ^  t^ 

legs  AB  and  AC  is  considered  as  acting  at^IG.  17-    FORCES  AT  PoiNT  A 
A,  the  other  half  at  B  and  C.  OF  THE  Shears. 

(a)  to  solve  for  forces  AB  and  AR,  a  force  parallelogram  as  shown 
in  Fig.  18  was  drawn.  From  this,  Force  AR  equals  26.7  lbs.,  force  AB 
equals  12.3  lbs. 

The  balance  placed  in  the  tie  AB  read  122  lbs.,  therefore  the  com- 
puted value  differs  about  17.  from  the  experimental  value. 

(b)    to   find   compres- 
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sion  in  the  legs  AD  and 
AC: 

The  force  AR  was 
then  resolved  graphically 
into  its  components 
along  the  legs  AC  and 
AD  as  shown  in  Fig. 
19.  From  this  diagram, 
c  o  m  p  r  e  s  sion  in  AC 
r*B  equals  compression  in 
AD  equals  15.5  lbs.  Add- 
ing .7  lb  as  a  correction 
for  the  weight  of  the 
stick  as  before  stated,  we 

Fig.  19.    Forces  for^^/  /^.S  plus  7  equals 

^  16.2    lbs.    as    the    thrust 

THE  oHEAR  IN        along  the   axis   of   each 
THE  Legs.  leg  at   C   and   D.     The 

check  reading  of  the  bal- 
ance when  a  pull  in  the  axis  of  the  stick  which  must  be  exerted  at  A 
to  free  the  foot  at  D  from  the  base  was  16.3  lbs. 

B.  The  Crane  with  Guy  Ropes. 
The  construction  of  this  model  is  shown  in  Fig.  20.  The 
parts  are  large  enough  to  permit  the  application  of  a  heavy 
load  to  the  crane,  and  also  to  require  a  definite  correction  for 
the  weight  of  the  parts.  A  pin  in  the  top  of  the  mast  is  held 
by  a  ring  of  considerably  larger  diameter  than  the  pin  when 
the  guy  ropes  are  free  from  tension.  When  the  crane  is  held 
by  the  guys,  this  pin  is  free  at  the  center  of  the  ring.  The 
foot  of  the  mast  is  carried  on  steel  balls  to  give  free  horizontal 


Fig.  i8.    Force  Dia- 
gram. 
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play  within  fixed  limits 
and  thus  permit  the  hor- 
izontal reaction  at  the 
foot  to  be  measured. 
For  the  vertical  reaction^ 
the  whole  crane  may  be 
placed  on  a  platform 
s  c  al  e  .  The  joint  b  y 
which  the  jib  is  at- 
tached to  the  mast  con- 
sists of  a  steel  pin  fast- 
ened to  the  jib  and  pass- 
ing through  slots  in  side 
plates  screwed  to  the 
mast.  The  vertical  re- 
action at  the  foot  of  the 
jib  is  measured  by  two 
spring  balances,  one  on 
each  side  of  the  mast, 
and  the  horizontal  reac- 
tion is  checked  by  pull- 
ing horizontally  until 
the  pin  is  free  in  the 
slots.  The  character  of  the  laboratory  exercise,  work  to  be 
done  by  the  pupil,  etc.,  is  shown  in  the  following  direction 
sheet : 

Experiment  14-5.    The  Forces  in  the  Members  and  Guy 

Ropes  of  a  Crane.^ 
Apparatus  in  the  Laboratory:     Model   of   a   crane;    scale   pan   and 
weights;  meter  stick. 

Apparatus  from  the  Stock  Room:      Large  Protractor. 

Set  up  your  apparatus  as  an  ordinary  hoisting  crane  or  derrick.  At- 
tach the  tie  and  hoisting  ropes  at  the  points  designated  and  apply  a  load 
as  directed.  Shorten  the  guy  ropes  until  the  pin  in  the  top  of  the  mast 
is  in  the  center  of  the  ring. 

Assume  the  applied  load  and  the  weights  of  the  mast  and  boom  as  the 
known  forces.  The  weights  and  centers  of  gravity  for  the  mast  and  boom 
are  marked  on  the  sticks. 

Measure  any  angles  needed,  as  also  any  moment  arms  or  lengths  and 
compute : 

(1)  The  tension  in  the  tie. 

(2)  The  vertical  and  horizontal  forces  exerted  by  the  boom  against 
the  mast. 


Fig. 


20.    The  Crane  with 
Guy  Ropes. 


iProm  Physics  laboratory    Notes.    Part  I.     Copyrighted.  1911,  by  J.  M.  Jameson, 
Brooklyn.  New  York. 
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(3)  The  amount  and  direction  of  the  total  force  of  the  boom  against 
the  mast 

(4)  The  tension  in  each  guy  rope. 

(5)  The  vertical  and  horizontal  floor  reactions  at  the  foot  of  the  mast 

(6)  The  horizontal  component  of  the  forces  in  the  guy  ropes.  Com- 
pare this  with  the  horizontal  reaction  at  the  foot  of  the  mast 

Record  your  data,  distances,  etc.,  on  a  diagram  of  the  apparatus.  Show 
all  computations  required.  Make  proper  corrections  for  the  weights  of 
the  mast  and  the  boom. 

Check  your  computed  forces  from  the  balance  readings  and  compare 
the  computed  and  check  values.  The  check  readings  for  the  tension  in 
the  tie,  and  the  vertical  and  horizontal  forces  of  the  boom  against  the 
mast  are  to  be  taken  with  the  foot  of  the  boom  held  just  free  from  the 
mast  by  a  horizontal  pull  with  a  rope  and  spring  balance.  The  boom 
should  be  set  vibrating  slightly  before  taking  readings  to  avoid  friction, 
and  several  readings  should  be  taken  to  get  average  values. 

In  finding  the  tension  in  the  guy  ropes,  first  assume  the  two  guys  to  be 
replaced  by  an  imaginary  single  guy  in  the  vertical  plane  of  the  boom 
and  mast.  Compute  the  tension  in  this  imaginary  guy  and  then  resolve 
this  into  its  components  along  the  actual  guy  ropes. 

N.  B.  When  the  experiment  is  completed,  remove  the  load  and  take 
the  tension  off  all  balances. 


A  OEY  FOE  HELP. 


An  international  congress  of  educators  and  scientists  should  be  brought 
together  to  frame  national  and  international  programs  for  the  promotion 
of  the  hope,  the  health,  the  happiness  of  mankind.  Professional  politi- 
cians, political  theorists,  representatives  of  special  interests,  ignorant  and 
intolerant  reformers  seeking  by  legislation  to  make  wicked  men  angels, 
misguided  enthusiasts  and  faddists  with  medical  and  social  panaceas — 
these  are  they  who  for  ages  have  sought  and  still  seek  to  shape  legislation 
and  to  make  their  voices  heard  in  the  councils  of  mankind.  But  a  new 
<era  is  dawning.  Slowly  but  surely  the  demagogue,  the  hired  attorney, 
the  charlatan,  is  being  relegated  to  the  rear,  and  the  voice  of  Science  and 
the  Message  of  Reason  are  being  heard  even  in  the  halls  of  legislation 
and  in  the  congresses  of  mankind. 

A  hundred  and  sixty  million  dollars  for  pensions  for  war  veterans, 
.  .  a  hundred  millions  for  battleships  to  defend  ourselves  against 
the  far-distant  Jap,  and  not  even  one  million  to  protect  ourselves  against 
preventable  diseases  that  sweep  away  annually  six  hundred  thousands 
of  our  people!  Ten  million  for  a  single  Dreadnaught  and  nothing  what- 
ever from  the  national  government  for  the  training  of  sanitarians! 
Millions  for  the  cure  and  prevention  of  disease  among  hogs,  and  horses, 
and  chickens,  and  cattle,  and  nothing  for  the  prevention  of  diseases  that 
mercilessly  destroy  helpless  children! 

What  do  our  readers  think  of  this  unbalanced  condition?  Hardly  any 
attention  given  by  Congress  to  our  most  valuable  asset.  Keep  working, 
we  will  win  in  the  end. 
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A  DECISION. 

By  J.  A.  Randall. 
Pratt  Institute, 

A  committee  on  physics  and  one  on  chemistry  was  ap- 
pointed at  the  Syracuse  meeting  of  the  New  York  State 
Science  Teachers'  Association  in  December,  1910,  with  in- 
structions to  make  an  organized  effort  to  bring  about  some  of 
the  improvements  in  teaching  which  have  been  so  much 
talked  about.  To  be  sure  there  were  those  who  said,  "People 
have  been  talking  about  education  as  a  preparation  for  every- 
day life  for  fifteen  years,  and  while  the  idea  constitutes  a 
nice  bit  of  theory,  nothing  will  come  of  it."  The  spokesman 
of  this  group  made  a  prophecy  of  failure  by  pointing  out  that 
we  have  had  committee  after  committee  which  would  meet, 
deliberate,  discuss,  and  disband  in  time  to  make  way  for  its 
successor.  The  indifference  and  skepticism  of  some  of  the 
members  has  made  more  active  the  support  of  those  who  be- 
lieve that  there  is  nothing  like  trying. 

Having  embarked  upon  this  enterprise,  the  call  led  in  so 
many  directions  we  were  at  a  loss  where  to  begin.  Our  teach- 
ing should  build  upon  the  experiences  of  the  student,  but 
since  he  has  little  suitable  experience  in  such  subjects  as 
electricity  and  mechanics  the  function  of  the  laboratory  is  to 
give  an  experience  of  a  sort  which  will  be  valuable  to  him 
later.  People  mean  much  the  same  thing  when  they  say  that 
our  physics  laboratories  should  develop  students  in  the  same 
way  that  the  chores  on  the  farm  developed  some  of  us  when 
we  were  of  school  age.  Obviously,  then,  to  take  up  first  the 
matter  of  apparatus  and  laboratory  exercises  was  to  start  at 
the  heart  of  the  problem. 

Most  experienced  teachers  have  been  thinking  a  great  deal 
about  the  utility  of  the  facts  and  principles  of  physics  that  we 
have  been  teaching.  Each  of  us  has  tried  out  some  exercises 
with  equipment  which  makes  the  association  with  the  corre- 
sponding operation  of  later  life  apparent.  Clearly  a  rapid  in- 
terchange of  such  exercises  and  devices  as  have  been  found 
successful  was  the  first  duty  of  the  committee. 

It  is  recognized  that  this  is  a  function  of  our  school  journals 
but  the  committee  has  hoped  to  be  a  more  personal  and  in- 
formal medium. 
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The  committee  has  undertaken  to  accumulate  designs  of 
apparatus  and  make  them  available  alike  to  teachers  who  de- 
sire to  build  apparatus  in  school  shops  and  to  manufacturers  of 
school  supplies.  A  large  number  of  blue  prints  have  already 
been  sent  to  teachers  and  several  makers  have  expressed  a 
desire  to  offer  for  sale  apparatus  built  from  these  designs. 
In  addition  the  committee  is  trying  to  accumulate  direction 
sheets  for  exercises  using  commercial  articles  like  an  arc  lamp, 
electric  cooking  utensils,  a  steelyard  and  a  ladder.  It  is  de- 
sired to  find  out  just  how  teachers  use  these  and  similar  ar- 
ticles as  apparatus  in  exercises  that  are  not  merely  interesting 
but  which  give  a  mastery  of  important  principles  or  facts  and 
develop  power  by  methods  which  may  be  generally  followed. 

No  one  person  can  be  expected  to  contribute  any  large  part 
of  the  designs  and  exercises  if  the  work  is  to  be  representative. 
Accordingly  at  the  Washington  meeting  of  the  American 
Federation  held  December  28,  1911,  the  request  was  made  that 
a  national  committee  be  appointed  to  consist  as  far  as  possible 
of  chairmen  of  local  committees  to  be  organized  to  help  in  this 
work  of  accumulation  and  distribution.  As  was  announced 
in  the  March  issue  of  School  Scienck  and  Mathematics  a 
committee  was  appointed  and  has  since  been  enlarged  by  the 
appointment  of  Mr.  C.  M.  Westcott  of  Hollywood,  Cal.,  and 
Professor  F.  H.  Beals  of  Newark,  N.  J. 

These  committees  have  been  organized  in  the  belief  that 
most  teachers  are  interested  in  the  line  of  improvement  se- 
lected and  will  cooperate.  Will  you  personally  contribute 
THE  designs  and  exercises  that  you  have  originated?  The 
•success  of  the  work  depends  upon  each  teacher  and  not  merely 
■upon  the  efforts  of  the  committee.  Write  to-day  and  let  us  know 
what  exercises  your  school  is  using  which  differ  from  the 
'''College  Entrance  Physics."  Every  design  and  exercise  will 
"bear  the  name  of  the  contributor. 

I  have  referred  in  the  title  to  a  decision  and  it  is  a  decision 
^which  you  are  to  make.  Are  you  going  to  lend  a  helping  hand 
and  thereby  strengthen  the  organized  work  of  our  profession? 

There  is  other  work  that  needs  to  be  undertaken  quite  as 
much  as  the  work  in  hand  and  if  the  reader  is  interested  in 
seeing  us  get  to  it  let  him  help  us  complete  this  first  portion. 

The  following  excerpts  are  from  a  circular  letter  issued  by 
Mr.  W.  R.  Pyle,  chairman  of  the  New  York  Physics  Club 
•Committee  on  Improvement  in  Teaching: 
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5.  We  earnestly  trust  that  the  Physics  Club  will  do  its  duty,  as  a  mem- 
ber of  the  Federation,  in  contributing  enthusiastically  its  share  of  what- 
ever is  called  for. 

6.  The  chief  aim  is  to  get  the  Department  of  Education  at  Washing- 
ton to  do  a  work  for  teachers  similar  to  that  which  the  Department  of 
Agriculture  is  now  doing  for  farmers.  A  grand  work  is  being  done  for 
farmers  in  several  ways,  one  of  which  is  the  free  distribution  of  pam- 
phlets dealing  with  farmers^  problems, 

7.  The  United  States  Commissioner  of  Education  has  already  sig- 
nified his  willingness  to  publish  in  pamphlet  form  the  result  of  the  work 
of  the  Federation's  Committee. 

&    WHAT  WE  WANT  YOU  TO  GIVE  US: 

(a)  ANYTHING — great  or  small — which  the  richness  of  your  ex- 
perience tells  you  may  be  of  aid  to  the  young  or  inexperienced  physics 
teacher. 

(b)  Pieces  of  apparatus  (not  duplicates),  full  size  or  half-size  models, 
that  you  have  devised,  together  with  instructions  for  use. 

(c)  Drawings,  or  blue  prints,  (to  scale)  of  your  simpler  pieces  with 
instructions  for  use.  (Teachers  can  then  construct  their  own  pieces  from 
your  working  drawings.) 

(d)  The  Knott  Company  of  Boston  has  offered  to  make  any  piece  of 
apparatus  you  may  suggest  to  the  committee,  send  it  free  of  charge  to 
the  N.  E.  A.  meeting,  and  give  you  credit  for  same  both  at  the  N.  E.  A. 
and  in  their  catalogues  should  they  place  same  upon  the  market.  (No 
royalties  can  be  expected  in  such  cases,  of  course.)  One  or  more  of 
the  Chicago  makers  will  probably  undertake  a  similar  work  for  the 
teachers  of  the  Middle  West. 

(e)  Teaching  suggestions  that  you  believe  would  aid  young  or  in- 
experienced physics  teachers.  We  anticipate  that  many  of  the  bulletins 
will  contain  such  suggestions  for  the  inexperienced. 

(f)  Suggestions  of  things  that  large  firms,  such  as  the  Weston,  Leeds, 
and  General  Electric  might  begin  to  make  for  the  schools;  for  example, 
instruments  with  visible  movements  and  parts. 

(g)  Any  information  concerning  new  pieces  of  equipment  recently 
invented. 

(h)  Suggestions  of  what  things  need  yet  to  be  devised  to  improve 
laboratory  equipment. 

You  are  busy  and  so  are  we;  but  a  new  and  great  work  needs  to  be 
systematically  done  for  physics  teaching  in  this  country.  Even  the  little 
things  are  often  very  important — a  good  formula  for  a  universal  labora- 
tory wax,  a  favorite  laboratory  outline,  recipe  for  a  good  waterproof, 
transparent  varnish,  etc. 

Give  us  ANYTHING  and  EVERYTHING. 

This  has  called  forth  a  generous  response  on  the  part  of  the 
club  members  and  the  large  number  of  contributions  are 
being  arranged  for  publication. 

Mr.  J.  M.  Jameson  has  placed  at  the  disposal  of  the  com- 
mittee all  of  the  designs  of  the  Department  of  Physics  of 
Pratt  Institute.  A  series  of  articles  is  now  running  in  School 
vScTENCE  AND  MATHEMATICS  in  which  cuts  of  various  pieces  are 
shown  and  discussed.  Working  drawings  for  all  of  these  may 
be  had  upon  application. 
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The  conservative  element  has  helped  us  to  see  the  difficul- 
ties of  our  problem  by  their  pessimistic  statements  regarding 
the  capabilities  of  teachers  to  work  out  the  new  educational 
ideas.  One  rhetorical  question  in  particular  has  been  asked 
over  and  over  again :  "How  can  teachers  who,  by  experience, 
know  nothing  of  the  work-a-day  life  of  the  people,  intelli- 
gently prepare  students  for  their  future  activities?"  Grant- 
ing the  premise  there  is  only  one  answer,  but  many  science 
teachers  are  taking  active  steps  to  see  that  the  premise  shall 
not  apply.  The  male  chemistry  teachers,  in  the  East  particu- 
larly, are  devoting  much  time  to  visits  to  factories,  power 
plants,  mills,  and  other  industrial  works.  While  this  does  not 
result  in  anything  more  than  a  spectator's  knowledge  of  in- 
dustrial and  commercial  life,  it  is  indicative  of  the  considera- 
tion which  many  teachers  are  devoting  to  the  problem  of  giv- 
ing instruction  with  due  regard  to  the  physical,  vocational, 
and  cultural  needs  of  the  student. 

Physics  teachers  cannot  ignore  the  fact  that  the  products 
of  engineering  are  in  the  hands  of  everyone,  that  the  need  of 
greater  understanding  of  the  principles  of  machinery,  manu- 
facturing, and  the  economic  use  of  labor  is  gaining  very  fast, 
and  that  the  number  of  applications  of  the  simple  physical 
principles  and  facts  has  multiplied  beyond  the  capacity  of  any 
one  teacher  to  observe  or  comprehend.  We  must  depend 
upon  one  another.  By  adding  to  our  own  observations  the  re- 
sults of  the  inspection  of  teachers  in  every  type  of  neighbor- 
hood in  the  land  we  must  form  a  composite  conception  of 
what  conditions  our  students  must  meet.  We  may  then  take 
steps  to  prepare  them  to  meet  average  conditions.  The  com- 
mittee has  hoped  that  its  plan  of  circulating  exercises  and  ap- 
paratus designs  would  make  available  the  experience  of  other 
teachers  in  a  very  practical  way. 

We  have  passed  the  period  when  we  can  turn  over  the  de- 
velopment of  physics  instruction  to  any  one  authority.  Our 
pessimistic  colleagues  have  questioned  the  wisdom  of  the 
leadership  of  college  men  and  of  the  state  authorities.  They 
have  succeeded  in  convincing  us  that  many  teachers  *  have 
been  blindly  following  successful  men.  The  college  man  is 
not  the  only  "big  fellow"  who  has  stood  up  and  said,  "Now 
let  me  tell  you  how  I  do  it."  We  have  been  developing  other 
criteria  of  what  constitutes  sound  educational  work  than  that 
a  successful  teacher  has  used  the  device  or  exercise.    It  has 
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been  generally  true  that  the  successful  teacher  has  had  a 
strong  personality.  Such  a  teacher  has  often  succeeded  in 
spite  of  faulty  methods  and  equipment,  through  the  sheer 
force  of  his  personality. 

We  are  coming  to  believe  that  each  teacher  should  develop 
his  own  outline.  In  every  class  in  which  elementary  physics 
is  taught  there  is  a  variation  in  type  of  student  with  require- 
ments which  cannot  be  satisfied  by  a  formal  course  developed 
under  other  conditions.  For  example,  the  physics  and  chem- 
istry needed  for  girl  students  of  household  science  and  arts 
have  been  independently  developed  by  a  number  of  teachers. 
None  of  these  courses  are  alike  but  all  are  better  adapted  to 
their  purpose  than  the  college  entrance  requirements. 

We  have  come  to  the  time  when  all  science  teachers  should 
become  closely  allied  with  a  single  national  organization  which 
shall  serve  our  profession  as  the  American  Society  of  Mechan- 
ical Engineers  serves  its  clientele.  In  the  past  we  have  been 
too  busy  with  personal  issues.  We  have  yet  to  develop  a 
strong  national  organization — with  a  progressive  and  con- 
tinuous policy,  with  machinery  for  keeping  abreast  of  the 
changing  conditions,  with  officers  chosen  for  their  capacity 
and  willingness  to  serve  and  with  a  dignity  worthy  of  our 
high  calling. 

The  committee  asks  you  to  come  to  the  decision  that  you 
will  support  it,  and  help  in  its  labors  because  you  believe  in 
supporting  the  organized  work  of  your  profession.  Decide 
to  help  shape  it,  for  by  our  works  shall  our  profession  be 

known.  

PBOPAGATiaN  BT  ROOTS. 

Ordinary  roots  originate  from  stems  and  not  stems  from  roots  as  is 
popularly  believed.  The  source  of  this  mistake  is  doubtless  to  be  found 
in  those  plants  which  die  down  to  the  earth,  each  autumn,  and  in  spring 
grow  again  "from  the  roots"  as  common  parlance  has  it,  though  the 
botanist  knows  that  the  new  shoots  really  spring  from  underground  stems 
and  not  from  true  roots.  Although  normally  roots  do  not  give  rise  to 
stems,  yet  species  in  which  roots  can  do  this  are  by  no  means  rare,  and 
in  fact,  so  unvarjring  is  this  feature  that  man  depends  upon  it  for 
propagating  several  of  his  food  plants.-  The  sweet  potato  is,  unlike 
the  common  white  potato,  a  true  root  and  is  propagated  by  shoots 
that  arise  from  it  in  considerable  numbers;  in  fact,  this  plant  seldom,  if 
ever,  produces  seed,  its  usual  means  of  multiplication  being  by  means  of 
such  shoots.  The  yam,  a  tropical  root,  not  very  closely  allied  to  the 
sweet  potato  though  often  confused  with  it,  is  also  multiplied  in  this  way. 
Among  vegetables  of  northern  gardens  propagated  from  sections  of  roots 
capable  of  originating  buds  and  shoots  may  be  mentioned  horse-radish 
and  sea  kale.  The  dahlia  is  a  familiar  instance  among  plants  cultivated 
for  ornament  and  others  are  phloxes  and  butterfly- weed. — American 
Botanist 
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PROBLEM  DEPABTMEMT. 

By  E.  L.  Brown, 
Principal  North  Side  High  School,  Denver,  Colo, 

Readers  of  this  magazine  are  invited  to  send  solutions  of  the  problems 
in  which  they  are  interested.  Problems  and  solutions  will  be  duly  credited 
to  their  authors.  Address  all  communications  to  E.  L.  Brown,  3435  Al- 
cott  Street,  Denver,  Colo, 

Algebra. 

287.    Hawkes'  Advanced  Algebra,  p,  79,  Ex.  45. 
Solve  and  check: 

Solution  by  A,  N.  Meyer,  Niagara  Falls,  Canada,  and  W,  P.  Russell, 
Claremont,  Cal. 

x^-^lx^  -  97:r~*  -;r*«0, 

or  x"^  (;r*-2)  (^+2;r*+4)(^*+7*M^-7*  x*-f  7*)=0. 
.•.;r4=2.  -l=bl/=3.  -7*.  7*  (^±^^^. 

/.  ;r=4.  -2T2l/^,  7».  7«(z:i±vH)^ 

or  ir=»4,  4«,  4w*,  7^,  7*w,  7*w*,  where  «  and  w*  are  the  two  imaginary  cube 
roots  of  unitj. 

Check: 

When  ;r=4,  4«,  4w', 

^l,   4l£^  _  jr*4-41  ^  64+41  ^  105 
^  x^  x^  x^ 

,    97     .     J      97+;r*        97+8        105. 
x^  x^  x^  x^ 


when  x=  7  *,   7  *w,  7  *w*, 

J   ,   41;r* 
•^    +"T:" 


and   — J  +  «••  = 


= 

49+41 
x^ 

= 

90 

= 

97—7 

= 

90 

288.  Proposed  by  Nelson  L,  Roray,  Metuchen,  N,  J, 
One  night  three  men,  A,  B,  and  C,  stole  a  bag  of  apples  and  hid  them 
in  a  barn  over  night  intending  to  meet  in  the  morning  to  divide  them 
equally.  Some  time  before  morning  A  went  to  the  bam  divided  the 
apples  into  three  equal  shares  and  had  one  apple  too  many,  which  he 
threw  away.  A  took  one  share  and  put  the  others  back  into  the  bag. 
Soon  after  B  came  and  did  exactly  as  A  had  done.  Then  came  C,  who 
repeated  what  A  and  B  had  done  before  him.    In  the  morning  the  three 
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met  saying  nothing  of  what  they  had  done  during  the  night.  The  re- 
maining apples  were  divided  into  three  equal  shares  with  still  one  apple 
too  many.    How  many  apples  were  there  in  the  bag  at  the  beginning? 

I.    Solution  by  A.  M,  Harding,  Fayetteville,  Ark. 
Let  /=total  nnmber  of  apples  in  the  bag. 
a,  d,  ^=the  number  taken  at  night  by  A,  B,  C,  respectively. 
5=share  of  each  next  morning. 
We  then  have  the  following  equations: 

/— lss3tf,  /— 2— tf=3^,  /— 3— a— *=3^,  and  /— 4— a— ^— ^=35. 
Bliminate  a,  b^  c  and  obtain  8/— 815sb65. 
This  equation  can  be  written  In  the  form 

•     {/  «  8l/^  2)  ^^^^^  ^  "  ®^™®  integer. 

By  giving^  the  values  1,  2,  3, we  find  /  equal  to  any  term  of  the 

series  79,  160,  241. (79+81»). 

II.  Solution  by  Norman  Anning,  North  Bend,  British  Columbia, 

If  there  had  been  two  more  apples  there  would  have  been  none  to 
throw  away.  A  could  have  taken  one  more  and  left  two  more  than  he 
did.  Then  B  could  have  taken  one  more  and  left  two  more  than  he  did. 
C  likewise.  And  then  there  would  have  been  one  more  for  each  of  them 
at  the  last.  Hence  our  number  ikcks  two  of  being  divisible  by  3*. 
Or  N  =  79,  mod.  81. 

III.  Solution  by  the  proposer. 

The  number  of  apples  left  by  C  is  evidently  an  even  number  and  also 
a  number  from  which  when  1  is  taken  the  difference  is  a  multiple  of  3. 

This  scries  of  numbers  is  evidently  4,  10,  16,  22,  etc. 
Let  X  =  No.  of  apples  left  by  C. 

3 
Then  -2"  -r  +  1  =  No.  of  apples  left  by  B. 

— ^ —  =  No.  of  apples  left  by  A. 

^ —    =  No.  of  apples,  less  1,  found  by  A. 

o 
274r-h30       ,  r      ,    ;r  +  10 


8 


,[.+^] 


Any  number  of  the  series  4,  10,  16,  22,  etc.,  that  makes  3   r;r+  ^—^ — 

integral  is  a  solution.    Evidently  22  is  the  least  number,  46  the  next,  70, 
etc.,  increasing  by  24  each  time. 
Therefore  A  found  79,  160,  240,  etc. 

Geometry- 

289.    Proposed  by  L.  R.  Perkins,  franklin,  Mass. 

Without  employing  proportional  lines,  construct  a  triangle  given :  c,  B, 
b — a,  where  b>a. 

Solution  by  H,  H.  Seidell,  St.  Louis,  Mo.,  and  H.  A.  Morrison,  College 
View,  Neb, 

Take  BA  =  c,  and  at  B  construct  ZEBA  =  ZB.  Produce  EB  through 
B  to  D,  making  BD  =  &  —  a.  Draw  AD  and  draw  the  perpendicular 
bisector  of  AD  meeting  BE  at  C.     Then  ABC  is  the  required  triangle. 
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For  CD  =  CA  and  .'.  CD  —  BC  =  CA  —  BC,  or  BD  =  CA  —  BC 
and  .'.  i^  —  o  =  CA  —  BC. 

290.  Proposed  by  Franklin  T.  Jones,  Cleveland,  O, 

If  the  edge  of  a  regular  tetrahedron  is  a  find  the  radia  of  the  inscribed 
and  circumscribed  spheres. 

Solution  by  Inin  B.  Kline,  Blairstown,  N.  J.,  and  G,  I.  Hopkins, 
Manchester,  N.  H. 

Let  A  —  BCD  be  the  regular  tetrahedron. 

Draw  AM  1  face  BDC  and  BP  1  face  ADC. 

lyCt  AM  and  BP  intersect  in  O. 

Draw  BE  1  DC  and  AE  1  DC. 

BE  passes  through  M  and  AE  through  P. 

The  radius  of  the  circum-sphere  is  OA  and  of  the  inscribed  sphere  is 
OM. 

PE        PM        OM  1     p,  ,.        .    .,       ^.       ,       *^«,       ^  ^.,« 

—  ss  — — -  =  -— -  =  —  [from  the  similar  triangles  ABE  and  BMP 

and  the  similar  triangles  OMP  and  OAB]. 

.-.  0M«  4~  AMandOA—  -|-  A^M. 
4  4 

ME  =  -3-  BE. 

AE  =  BE  «  -|-  1/3^     ME  =  -g-  VT 

/.  AM  —  -|-  i/67  and  .-.  OA  =  -^  |/6"and  0M=  -^  ^/W, 

the  radius  of  the  circam-sphere  and  the  in-sphere,  respectively. 

291.  Proposed  by  Editor, 

If  through  the  vertices  of  any  inscribed  polygon  tangents  are  drawn 
forming  a  circunrscribed  polygon,  the  continued  product  of  the  perpen- 
diculars from  any  point  in  the  circle  on  the  sides  of  the  inscribed  polygon 
is  equal  to  the  continued  product  of  the  perpendiculars  from  the  same 
point  on  the  sides  of  the  circumscribed  polygon. 

I.  Solution  by  Nelson  L.  Roray,  Metuchen,  JV.  /.,  and  L  L.  Winckler, 
Cleveland,  O, 

The  solution  here  given  is  made  to  depend  upon  the  following  propo- 
sition: Two  tangents  AB  and  AC  are  taken  to  a  circle  and  the  chord 
BC  is  taken.  If  from  P  any  point  upon  the  arc  BC,  PF  1  BC,  PD  1  AB 
and  PE  1  AC,  then  PF*  =  PD.  PE.  This  is  easily  proved  by  taking  the 
similar  triangles  BDP  and  PFC  and  the  similar  triangles  PBF  and  PEC. 
The  same  thing  is  true  for  any  pair  of  tangents  and  the  chord  between 
the  points  of  contact  whether  P  is  on  the  minor  arc  or  the  major  arc, 
which  is  proved  in  a  similar  manner. 

Denote  the  perpendiculars  to  the  sides  of  the  inscribed  polygon  by 
Ph  Ph  psf  etc.,  and  to  the  sides  of  the  circum-polygon  by  n,  ra,  rs,  etc. 

Then  Pi*  ss  n  ,  r% 
Pi*  ==ri.r3 
p3*  «-  rs    u 


pi?  =  rn'  ri 
.-.  P?  .  p2*  .  /a". . .  .Ai«  =  r?  ra>  .  rg". . .  .rn" 
^r  pxp2  ,pz /«  »  n  .  ^j  .  fa  . . . .  r„. 
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II.    Solution  by  Elmer  Schuyler,  Brooklyn,  N,  Y. 

Let  ABC L  be  the  inscribed  polygon  and  ABC L'  be  the 

drcnmscribed  polygon. 
Let  P  be  a  point  on  the  minor  arc  LA. 

Let  Xi,  X2,  Xz  :rn  be  the  chords  from  P  to  A,  B,  C L, 

respectively. 

Let  tfi,  aa,  as  an  be  the  perpendiculars  from  P  to  the  tangents  at 

A,  B,  C, L,  respectively. 

Let  h\^  h^y  hz  ^,i  be  the  perpendiculars  from  P  to  the  sides  AB, 

BC,  CD LA,  respectively. 

From  similar  right  triangles. 

Oi  :  X\  ^=  Xi  \  d^  where  d  =  diameter  of  circle. 
.'.    ;ri*==flirf.        Similarly, 
x^  =  aa  rf, 


-r„"  ^Ond. 
Now  since  the  product  of  two  sides  of  a  triangle  equals  the  product 
of  the  perpendicular  upon  the  third  side  and  the  diameter  of  the  circum- 
circle,  we  have 

X\  x^  =  h\  d, 

X%  X3  ^  «2  df 

Xn  X\  =  hn  d. 

Since  x^  •  x^ x^}  ^=^  X\  x^-  Xix^ x^  ^1, 

Therefore  a\d  -  a^d  - an  d  ^  hi  d-  h^d  • hnd. 

.*.  a]  •  as  •    Un  ^  hi  -  ht      ...    An. 

Credit  for  Solntiong  Beceiyed. 

282.  John  Gaub,  G.  I.  Hopkins,  I.  L.  Winckler.    (3) 

283.  H.  E.  Trefethen.    (1) 

285.  I.  L.  Winckler.     (1) 

286.  I.  L.  Winckler.     (1) 

287.  Constance  E.  Adams,  Norman  Anning,  G.  O.  Banting,  T.  M.  Blaks- 

lee,  John  H.  Bartz,  J.  E.  Bumham,  W.  B.  Carpenter,  J.  W. 
Ellison,  John  M.  Gallagher,  John  Gaub,  A.  M.  Harding,  L.  L. 
Harding,  J.  E.  Helman,  G.  I.  Hopkins,  Joel  Jenifer,  Irvin  E. 
Kline,  Lida  C.  Martin,  R.  M.  Mathews,  H.  G.  McCann,  Edward 
Morgan,  H.  A.  Morrison,  A.  N.  Meyer,  Letitia  O'Dell,  C.  A. 
Perrigo,  T.  E.  Peters,  Ray  Quick,  J.  L.  Riley,  Nelson  L.  Roray, 
Irving  Rowe,  W.  P.  Russell,  Jacob  P.  Sauter,  Elmer  Schuyler, 
H.  H.  Seidell,  G.  Sergent,  C.  H.  Stoutenburgh,  H.  E.  Trefethen, 
G.  J.  Van  Buren,  Florence  Winslow,  A.  L.  Womack.     (39) 

288.  Norman  Anning  (2  solutions),  T.  M.  Blakslee,  E.  G.  Berger,  G.  O. 

Banting,  J.  E.  Burnham,  W.  B.  Carpenter,  John  M.  Gallagher, 
A.  M.  Harding,  L.  L.  Harding,  J.  E.  Helman,  E.  A.  Pollard 
Jones,  Irvin  E.  Kline,  R.  M.  Mathews,  H.  G.  McCann,  A.  N. 
Meyer,  Edward  Morgan,  H.  A.  Morrison,  Letitia  O'Dell,  Nelson 
L.  Roray  (2  solutions),  Elmer  Schuyler,  H.  H.  Seidell,  G.  Ser- 
gent, C.  H.  Stoutenburgh,  I.  L.  Winckler,  A.  L.  Womack.     (27) 

289.  G.  O.  Banting,  J.  E.  Bumham,  R.  M.  Mathews,  W.  C.  P.  Meddins, 

Edward  Morgan,  H.  A.  Morrison,  Nelson  L.  Roray,  Elmer 
Schuyler,  H.  H.  Seidell,  C.  H.  Stoutenburgh,  G.  Sergent,  I.  L. 
Winckler.     (12) 
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290.  John  H.  Bortz,  G.  H.  Crandall,  A.  M.  Harding,  L.  L.  Harding,  G. 

I.  Hopkins,  Joel  Jenifer,  Irvin  E.  Kline,  R.  M.  Mathews,  H.  G. 
McCann,  C.  A.  Perrigo,  Edward  Morgan,  H.  H.  Seidell,  Nelson 
L.  Roray,  Elmer  Schuyler,  G.  Sergent,  C.  A.  Smith,  C.  H.  Stout- 
enburgh,  I.  L.  Winckler.     (18) 

291.  T.  M.  Blakslee,  Norman  Anning,  A.  M.  Harding,  Nelson  L.  Roray, 

Elmer  Schuyler,  I.  L.  Winckler.     (6) 
Total  number  of  solutions,  108. 

PROBLEMS  FOB  SOLXTTION. 
Algebra. 

303.  Proposed  by  Nelson  L.  Roray,  Meiuchen,  N,  J. 

If     >+-^      ^    ^4-^    _  _£±?L 
pd-^gc         pc-\-qa       pa-\-qb' 

show  tl«t  2J£g;±^  =  (*+^+^«)^+(a+«£ 
a'\-b'\'C  bc-\-ca-\-ab. 

(Hall  and  Knight's  Higher  Algebra,  p.  11,  ex.  11.) 

304.  Selected. 

Divide  a  number  a  into  two  parts  such  that  the  product  of  the  mth 
power  of  one  and  the  nth  power  of  the  other  shall  be  a  maximum.  (Solve 
without  the  use  of  calculus.) 

Geometry. 

305.  Proposed  by  F.  Eugene  Seymour,  Trenton,  N.  J. 

Given  the  three  distances  from  a  point  within  an  equilateral  triangle  to 
the  vertices  to  construct  the  triangle. 

306.  Proposed  by  Editor. 

If  a  cube  and  an  octahedron  have,  a  common  circumscribing  sphere, 
prove  that  their  surfaces  are  in  the  same  ratio  as^  their  volumes. 

Trigonometry. 

307.  Proposed  by  A.  C.  Smith,  Denver,  Colo. 
Show  that  cos  36®  cos  72**  =  %. 

In  Problem  299,  May  issue,  for  (41)*  read  (4!)*. 

SOIENOB  QUESTIONS. 

By  Franklin  T.  Jones, 
University  School,  Cleveland,  Ohio. 

Readers  of  School  Science  are  invited  to  propose  questions  for  solu- 
tion— scientific  or  pedagogical — and  to  answer  the  questions  proposed. 

Qnestions  and  Problems  for  Solution. 

Answer  Serially  Numbered  Questions. 
Physics,  University  of  California,  August  14,  1911. 

85.  A  cord  is  tied  to  two  trees  8  feet  apart.  Suspended  from  the  mid- 
dle point  of  the  cord  is  a  camp-kettle  weighing  20  lbs.,  the  point  of 
suspension  being  3  feet  lower  than  the  ends  of  the  cord.  What  is  the 
tensile  force  in  the  cord? 
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2.  A  man  carries  a  load  hung  from  a  stick  resting  on  his  shoulder. 
What  are  the  relative  positions  of  his  hand,  his  shoulder,  and  the  load 
when  the  force  exerted  by  the  stick  upon  the  shoulder  is:  (a)  twice  the 
load ;  (b)  one  half  the  load  ? 

3.  A  stone,  specific  density  2.5,  weighs  50  lbs.  How  much  work  is 
available  if  the  stone  be  lowered  10  feet,  in  water? 

4.  Describe  an  experimental  method  of  showing  that  air  is  in  vibra- 
tion near  a  sounding  bell. 

5.  A  river  bank  slopes  uniformly  from  air  to  water.  Standing  on  the 
bank,  the  slope  below  the  surface  of  the  water  appears  to  be  less  steep 
than  that  above  the  surface.    Explain  this  fact,  making  use  of  a  diagram. 

6.  Describe  an  arrangement  of  apparatus  for  the  production  by  reflec- 
tion of  a  "real  image";  a  "virtual  image."  Draw  a  diagram  of  the  ap- 
paratus in  each  case. 

7.  Name  several  ways  in  which  an  electric  current  may  be  detected 
and  measured. 

8.  Who  discovered  induced  electric  currents?  Give  a  connected  ac- 
count of  what  you  know  of  their  cause,  direction  and  duration. 

9.  What  experimental  proofs  do  you  know  that  the  poles  of  a  magnet 
are  of  equal  strength? 

Entrance  Physics,  Massachusetts  Institute  of  Technology. 
Time:  Two  Hours. 
1.    Make  a  careful  distinction  between  uniform  motion  and  uniformly 
accelerated  motion.    Explain  the  following  terms :  stability  of  equilibrium, 
momentum,  potential  energy. 

81.  A  beam  30  feet  long,  weighing  200  pounds,  is  pivoted  at  a  point  10 
feet  from  the  end  A.  At  A  a  weight  of  50  pounds  is  hung.  What 
force  is  needed  at  a  point  25  feet  from  A  to  keep  the  beam  in  a  horizontal 
position  ? 

82.  A  body  whose  specific  gravity  is  7.6  weighs  54.6  grams.  What 
will  it  weigh  in  water?  What  will  it  weigh  in  oil  whose  specific  gravity 
is  0.9?    What  is  the  volume  of  the  substance? 

4.  What  is  a  barometer,  how  constructed,  and  for  what  purposes  used? 
How  does  it  differ  in  principle  from  a  thermometer? 

5.  Explain  how  to  produce  with  a  converging  (positive)  lens  (1)  a 
real  magnified  image;  (2)  a  virtual  image.  Explain  with  diagram  the 
use  of  the  ordinary  reading  glass. 

6.  Explain  exactly  what  you  understand  by  boiling  point,  melting  point, 
latent  heat  of  fusion,  and  specific  heat. 

7.  Why  not  use  Leyden  jars  for  ringing  door  bells?  Explain  the  dif- 
ference in  behavior  and  characteristics  of  a  bar  magnet  and  an  electric- 
ally charged  body. 

83.  Forty  voltaic  cells  in  series  are  sending  a  current  of  one  ampere 
through  a  coil  of  22  ohms  resistance.  The  resistance  of  one  cell  is  0.55 
ohm.    What  is  the  E.  M.  F.  of  one  cell? 

Princeton  University,  Freshman  Entrance  Examinations,  June   17,   1911. 

OHEMISTEY. 

Any  dishonesty  in  the  examinations,  including  the  giving  as  well  as  the 
receiving  of  aid,  will,  if  detected,  permanently  debar  the  candidate  from 
entering  the  University. 

(Three  hours  are  allowed  for  this  examination.) 

1.    Give  the  atomic-molecular  theory  and  the  facts  which  support  it. 
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2.  Show  how  the  composition  of  water  may  be  determined  by  weight 
and  by  volume. 

3.  Write  molecular  formulas  for  the  following  substances:  ozone, 
sodium  sulphate,  carbon  monoxide,  aluminium  chloride,  potassium  hy- 
droxide, calcium  carbonate,  ferric  oxide,  phosphorus  pentoxide,  lead 
iodide,  phosphoric  acid. 

Name  the  substances  for  which  the  formulas  are:  Hg(NO«)j^  CuO, 
Ag.S04,  H,0*  Br,,  Au.  H,S,  Pb(OH)„  BaCC 

4.  Give  the  sources,  preparation,  properties  and  uses  of  chlorine. 

5.  Tell  what  is  meant  by  "neutralization,"  and  give  examples.  Give 
the  system  of  nomenclature  of  acids,  bases  and  salts. 

6.  Give  the  sources,  preparation,  properties  and  uses  of  nitric  acid. 

7.  Why  does  the  air  of  a  tightly-closed  room,  in  which  lamps  are  burn- 
ing, become  4infit  to  breathe? 

What  is  the  explanation  of  the  explosions  which  often  occur  in  houses 
where  illuminating  gas  has  been  escaping? 
What  is  baking  soda,  and  how  does  it  make  the  dough  "light"? 
Why  does  a  lamp  bum  better  with  the  chinuiey  on  than  without  it? 

8.  Describe  either  the  manufacture  of  white  lead,  the  making  of  caustic 
soda,  or  the  refining  of  copper. 

9.  Explain  and  illustrate  with  several  examples  the  meaning  of  each 
of  the  following  terms :    valence,  allotropy,  reduction,  catalysis. 

84.  How  many  grams  of  sodium  will  be  needed  to  combine  exactly 
with  a  quantity  of  chlorine  which  at  18^  C.  and  740  mm.  occupied  a 
volume  of  200  cc?    What  will  be  the  weight  of  the  resulting  salt? 

Atomic  Weights :     Na  =  23 ;  CI  =  35.5. 

SolutioiiB  and  AxiBwen. 

71.    From  a  Cornell  Entrance  Examination  in  Agriculture. 

A  man  has  plowed  a  strip  6J^  rods  wide  with  furrows  30  rods  long. 
How  many  acres  has  he  plowed?  How  many  turns  has  he  made  if  the 
plow  cuts  14  inches?  How  far  has  he  traveled?  How  long  did  it  take 
him  if  the  team  walked  2  miles  per  hour,  and  if  an  average  of  three 
minutes  was  lost  at  each  turn?  How  much  did  it  cost  him  at  the  rate  of 
40  cents  an  hour  for  man  and  team? 

Solution  by  the  Editor. 

Acre8=  length  In  rods^X^width  in  rods  _  6^  =1.21875  ««.. 

T„rns=      ^dth  of  strip     _  ^  _  6^X5^X3X12  _,_,,^^, 
width  of  furrow  14 

Distance  traveled  =  furrows  X  length  of  furrow  =  92  X  30  =  2760  rods. 
■B  8.625  miles. 

Tin.etoplow=  ^^  +  time  lost  on  turns  =  ?f?  +  »fi  = 

4.3125  +  4.6  =  8.9. 
Cost  =  hours  X  .40  =  8.9115  X  40  =  $3.57. 

73.    Proposed  by  A.  P.  Andrews,  Minneapolis,  Minn. 

If  it  takes  90/300  of  an  erg  of  work  to  carry  two  units  of  charge 

from  one  charged  body  to  another,  what  is  the  P.  D.  of  the  bodies? 

Solution  by  C.  A.  Smith,  Dexter,  Iowa. 

-,  -.  work    .  90/300        ,,^      ..         . 

P.  D.=  —- — - —  =  3/20  volt.      Ans. 

charge  2 
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74.  Proposed  by  A.  P.  Andretus,  Minneapolis,  Minn. 

The  capacity  of  an  electrical  condenser  is  15  units.  What  is  its  poten- 
tial when  it  holds  225  units? 

Solution  by  C.  A,  Smith,  Dexter.  Iowa. 

C=  -^-  ;   15  =  ?^  =  15  volts.     Ans, 

75.  Proposed  by  A.  P.  Andrews,  Minneapolis,  Minn. 

A  certain  length  of  wire  has  a  resistance  of  10  ohms  and  a  diameter 
of  .08  mm.    What  is  the  resistance  of  another  wire  of  the  same  material 
and  length,  but  having  a  diameter  of  .32  mm? 
Solution  by  C.  A.  Smith,  Dexter,  Iowa. 

10  :  :r  =  .32«  :  .08" 

X  =  0.625  ohm.    Ans. 

76.  Proposed  by  A.  P,  Andrews,  Minneapolis,  Minn. 

Calculate  the  current  strength  in  the  circuit  shown  in  Fig.  1.  The 
E.M.F.  of  each  cell  is  1.5  volts,  the  resistance  of  each  cell  is  0.5  ohm,  the 
resistance  of  each  coil  is  15  ohms,  and  the  resistance  of  the  connecting 

wires  is  negligible. 

Solution  by  C.  A.  Smith,  Dexter,  Iowa 
R^  =  15  -H  3  =  5  ohms. 
^=   pjlpv  R/  =  6X  .5  =  3ohms 
K^nKt  ^  ^  6  X  1.5  =  9  volts. 

Fig.  1.     ■  •••  C  =  5-p3  =  1.125  ampere.     Ans. 
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American  Forestry  for  April:  "The  War  on  Predatory  Animals,  Per- 
cival  S.  Ridsdale,  with  seven  illustrations;  "Relation  of  Insects  to  the 
Death  of  Chestnut  Trees,"  A.  D.  Hopkins,  with  six  illustrations;  "The 
Underground  Waters  of  New  Mexico,"  Willard  E.  Holt,  with  two  illus- 
trations; "Windbreaks,  their  Influence  and  Value,"  George  L.  Clothier, 
with  four  illustrations;  "The  Harvard  Forest,"  Theodore  S.  Woolsey,  Jr., 
with  four  illustrations;  "Dynamiting  Stumps  and  Trees,"  with  six  illus- 
trations; "Forestry  at  the  Ohio  State  University,"  Prof.  C.  H.  Goetz,  with 
five  illustrations;  "Blight  Commission  Instruction,"  Prof.  Hugh  P.  Baker, 
with  one  illustration;  "Lumbermen  and  Forestry,"  W.  C.  Sykes. 

Condor  for  March- April:  "A  Week  Afield  in  Southern  Arizona"  (with 
seven  photos),  F.  C.  Willard;  "Passerella  stephensi  in  Marin  County,  Cal- 
ifornia" (with  three  photos),  Joseph  Mailliard;  "Nesting  of  the  Canada 
Goose  at  Lake  Tahoe"  (with  four  photos),  Milton  S.  Ray. 

Educational  Psychology  for  April :  "Problems  and  Methods  of  Inves- 
tigation in  Handwriting,"  Frank  N.  Freeman;  "Needed  Research  in 
Method-,'*  Clayton  C.  Kohl;  "A  Tentative  Revision  and  Extension  of  the 
Binet-Simon  Measuring  Scale  of  Intelligence.  Part  II.  Supplementary 
Tests  (Continued).  2.  The  Completion  Test.  3.  Ball  and  Field  Test  of 
Practical  Judgment.  4.  Vocabulary  Test"  Lewis  M.  Terman  and  H.  G. 
Childs;  "Periods  of  Work  in  Learning,"  Daniel  Starch;  "Acquisition  as 
Related  to  Retention,"  Naomi  Norsworthy. 

Journal  of  Geography  for  April:  "Symposium:  What  is  Most  Needed 
in  the  Teaching  of  Elementary  (Geography?"  Conducted  by  William  M. 
Gregory.  Opinions  by  J.  W.  Redway,  R.  E.  Dodge,  Charles  F.  King, 
Metha  L.  Wulf,  Lewis  M.  Dougan,  Nellie  B.  Allen,  F.  M.  McMurray, 
Amos  Farnham,  Zonia  Baber,  Mark  Jefferson,  Isaac  O.  Winslow,  D.  C. 
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Ridgley,   Anna   Buckbec,    Marion   Weller,    Cordelia    0*NciI,    William   J. 

Sutherland,  J.  F.  Chamberlain,  George  A.  Mirick,  and  Charles  E.  Colby. 

UEnseignement  Mathematique  for  March :     "La  thcorie  des  equations 

integrates,"  M.  Plancherel;  "Lcs  rectrices.    Etude  de  Geometric  physique," 

F.  Butavand ;  "Les  figures  collineaires.  Un  chapitre  de  Geometrie  elemen- 
taire,"  L.  Crelier;  Chronique.  Commission  internationale  de  Uenseigne- 
ment  mathematique. 

The  School  World  for  April:  "Schemes  for  Geography  Teaching," 
A.  H.  Harries;  "Scientific  Apparatus  Designed  by  Teachers;"  "Continua- 
tion Schools;"  "The  Education  of  Young  Boys,"  Shirley  Goodwin. 

Nature-Study  Rez'iew  for  April:  "Nature-Study  as  a  Servant,"  Anna 
Botsford  Comstock;  "The  Study  of  Birds  with  a  Camera,"  Robert  VV. 
Hegner;  "Agriculture  in  Minnesota  Schools,"  Gilbert  H.  Trafton;  "The 
Insect  Life  of  Pond  and  Stream,"  Paul  S.  Welch;  "Worcester  Garden 
City  Plan,"  R.  J.  Floody ;  "The  Taming  of  Wild  Animals,"  E.  A.  Lewis ; 
"A  Seventh  Grade  Soil  Experiment,"  C.  F.  Phipps. 

Photo-Bra  for  April:  "Sherril  Schell,  Portrait- Pictorialist,"  Sidney 
Allan;  "The  New  Utocolor  Paper,"  A.  Le  Mee;  "Photography  for  the 
Advertiser;"  "Spring-Pictures,"  William  S.  Davis;  "Reflecting-Cameras 
for  Other  than  Speed  Work,"  C.  H.  Claudy;  "Flower- Photography  as  a 
Hobby,"  Claude  L.  Powers ;  "Why  We  Sometimes  Get  Uneven  Negatives," 
L  W.  Blake. 

Physical  Review  for  March:  "The  Selective  Transmission  and  the 
Dispersion  of  the  Liquid  Chlorides,"  H.  H.  Marvin;  "The  Distribution 
of  Current  in  Point-plane  Discharge,"  Robt.  F.  Earhart;  "The  Effective 
Depth  of  Penetration  of  Selenium  by  Light,"  F.  C.  Brown;  "Rays  of 
Positive  Electricity  from  the  Wehnelt  Cathode,"  Chas.  T.  Knipp;  "Note 
on  the  Measurement  of  the  Peltier  E.  M.  F.,"  Harold  C.  Baker. 

Popular  Science  for  April:  "On  the  Need  of  Administrative  Changes 
in  the  American  University,"  George  T.  Ladd;  "Science  in  the  Service 
of  Highway  Construction,"  Clifford  Richardson;  "The  Brooklyn  Botanic 
Garden,"  C.  Stuart  Gager;  "Alexander  von  Humboldt,"  Edward  F. 
Williams;  "A  Review  of  Three  Famous  Attacks  upon  the  Study  of 
Mathematics  as  a  Training  of  the  Mind,"  Florian  Cajori ;  "The  Red  Sun- 
flower," T.  D.  A.  Cockerell ;  "The  Medical  Side  of  Immigration,"  Alfred 

G.  Reed ;  "Ancient  Portals  of  the  Earth,"  James  Perrin  Smith ;  "Ptomaines 
and  Ptomaine  Poisining,"  Edwin  LeFevre;  "Science  and  International 
Good  Will,"  J.  McKeen  Cattell. 

Psychological  Clinic  for  April :  "The  School  Feeding  Movement," 
Louise  Stevens  Bryant;  "Administration . of  School  Luncheons,"  Alice  C. 
Boughton ;  "The  Training  of  the  School  Dietitian,"  Mary  Schwartz  Rose ; 
"Effects  of  Coffee-Drinking  upon  Children,"  Charles  Keen  Taylor. 

Unterrichtsbldtter  fiir  Mathematik  und  Naturwissenschaften,  Nr.  2: 
"Die  biologischen  Reaktionen  und  ihre  Bedeutung  fiir  die  Naturwissen- 
schaften,"  Professor  Dr.  H.  Miessner;  "Ueber  die  Behandlung  des  Plank- 
tons im  Schulunterricht  und  die  Stoffauswahl  der  Biologie  in  den  oberen 
Klassen  der  Oberrealschulen,"  E.  Kriiger;  "Allgemeines  Verfahren  zur 
Ermittelung  von  Parallelperspektiven,"  Dipl.-Ing.  Carl  Herbst:  "Ein 
Modell  zur  Veranschaulichung  des  Peripheriewinkelsatzes  und  die  Ueber- 
tragung  dieses  Satzes  auf  die  gleichseitige  Hyperbel,"  W.  Rottsieper. 

Zeitschrift  fiir  den  Physikalischen  und  Chetnischen  Unterricht  for 
March:  "Versuche  iiber  elektrische  Schwebungen,"  P.  Spies;  "Messung 
thermoelektrischer  Krafte  in  den  Schliilerubungen,"  W.  Masche;  "Einigc 
elektrische  Apparate  zur  Selbstherstellung,"  B.  Thieme;  "Demonstration 
von  Wechselstrombegriffen  mit  einfachen  Mittein,"  A.  Meir;  "Eine  Vor- 
richtnng  zur  Messung  der  Zentrifugalkraft,"  P.  Maey;  "Die  zeichnerische 
Darstellung  der  Fernrohre,"  R.  Winderlich.  # 

Zeitschrift  fiir  Mathematischen  und  Naturwissenschaftlichen  Unter- 
richt for  March:  "Die  Summe  aller  Produkte  von  je  k  verschiedenen 
Faktoren  zu  bestimmen,  die  sich  aus  den  n  ersten  nattirlichen  Zahlen  bilden 
lassen,"  Dr.  Ernst  Eckhardt;  "Ein  Zahlenkunststiick,"  E.  Stucke;  "Eine 
Eigenschaft  der  Quersumme,"  E.  Stucke;  "Konstruktion  des  Quadrates 
des  Kreises,"  Dr.  C.  H.  L.  Schmidt;  "Zur  Geometrographie,"  edited  by 
K.  Hagge. 
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ELEMENTARY  PHYSIOS. 

Pittsburgh  High  School,  Academic  Dept,,  B  Class,  June,  igii. 

Time  limit,  3J4  hours. 

In  all  problems  care  should  be  taken  to  give  proper  dimensions,  as 
"ff"  "g/cm\"  and  the  like  to  the  quantities  used.  If  the  student's  solu- 
tion of  a  problem  does  not  show  that  he  understands  the  principle  in- 
volved, no  credit  will  be  given  for  the  problem,  even  though  a  correct 
result  may  have  been  obtained. 

1.  If  a  hole  extended  straight  through  the  earth,  including  its  centroid, 
and  a  body  were  let  drop  down  this  hole,  where  would  its  velocity  be 
greatest,  zero,  constant,  positively  accelerated,  negatively  accelerated? 
There  is  presumed  to  be  no  air  resistance.  Answer  in  the  form  of  a 
diagram. 

2.  A  locomotive  on  one  track  pulls  by  means  of  a  rope  a  car  on  a 
parallel  track,  the  tension  of  the  rope  is  1,000  lbs.,  the  rope  makes  an 
angle  of  25**  with  the  rails.  Find  by  construction  the  value  of  the  com- 
ponent of  the  1,000-lb.  pull  that  produces  sidewise  pressure  upon  the  rail, 
and  of  the  component  that  tends  to  move  the  car  along  the  track. 

3a.  To  increase  the  velocity  of  a  100-ton  train  by  4  ft.  /sec.  /sec.  re- 
quires the  locomotive  to  pull  upon  the  train  with  a  force  of  25,000  lbs. 
(the  pull  of  a  locomotive  upon  its  train  is  called  the  draw-bar  pull). 
What  must  be  the  draw-bar  pull  of  a  locomotive  that  is  to  produce  an 
acceleration  of  2  ft.  /sec.  /sec.  upon  a  300-ton  train?  There  is  presumed 
to  be  no  friction  or  air  resistance. 

b.  What  will  be  the  velocity  of  the  first  train  in  miles  /hr.  ^min. 
after  it  has  left  the  station,  the  draw-bar  pull  to  remain  unchanged? 

4.  The  area  of  the  pump  piston  of  a  hydrostatic  press  is  10  cm*,  the 
total  pressure  exerted  upon  it  is  50  kg.,  the  area  of  the  large  piston  of 
the  press  is  1,500  cm*,  find  the  total  pressure  upon  this  piston.  Disre- 
gard friction. 

5a.  The  radius  of  the  wheel  of  a  copying  press  is  7  in.;  two  forces 
of  25  ibs.  each,  acting  clockwise  are  applied  to  the  rim  of  the  wheel ;  the 
distance  from  the  middle  of  one  thread  on  the  screw  to  the  middle  of 
the  next  is  %in.  Calculate  the  magnitude  of  the  pressure  that  would 
be  produced  upon  the  book  beneath  the  screw,  if  there  were  no  friction; 
the  actual  pressure  efficiency  being  75%,  Use  the  roughly  approximate 
value  of  pi  in  the  calculation. 

b.  Through  how  great  a  distance  must  each  force  act  in  order  that 
the  end  of  the  screw  may  mov.e  downward  1  in.? 

6a.  Sketch  two  waves  that  would  produce  sensations  alike  in  pitch 
but  different  in  loudness  and  quality. 

b.  What  difference  would  you  expect  to  find  between  the  length  and 
the  thickness  of  the  bass  strings  (giving  sounds  low  in  pitch)  and  the 
treble  strings  (giving  sounds  high  in  pitch)  of  a  piano? 

7a.  The  wave  sent  out  by  a  tuning-fork  making  -1(X)  vib.  /sec,  in  air 
in  which  compressional  waves  travel  345  m./sec,  divide  between  two  tubes 
which  afterward  join.  One  of  these  tubes  is  69  cm.  long.  Give  two 
lengths  of  the  other  tube  either  of  which  will  cause  the  two  parts  of  the 
wave  to  interfere  destructively  at  the  juncture  of  the  tubes. 

b.    For  what  two  reasons  does  a  mixture  of  ice  and  salt  absorb  heat? 

8.  Five  liters  of  water  at  4°C  in  a  4.4-lb.  iron  kettle  receives 
60,(XX)l.c/min.  from  a  gas  flame.  What  is  the  temperature  of  the  kettle  and 
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water  at  the  end  of  10  minutes?  Spec,  heat  of  iron  is  .11.  How  much  of 
the  water,  if  any,  is  changed  into  steam  during  the  10  minutes? 

9.  The  heat  required  to  raise  1  lb.  of  water  1  F.  degree  is  called  a 
British  thermal  unit,  B.T.U.  1  B.T.U.  is  equivalent  to  778  ft.  lb.  1,000 
B.T.U.  are  supplied  each  second  to  an  engine  of  10%  efficiency.  How 
much  mechanical  work  is  done  by  the  engine  per  second?  What  is  the 
horse  power  of  the  engine? 

10a.  Sketch  a  mirror  with  a  source  of  light  in  such  a  position  that 
the  reflected  light  is  a  beam. 

b.  What  k)nd  of  an  image  is  formed  by  the  objective  lens,  of  a  pro- 
jecting lantern? 

11.  Locate  by  wave-front  construction  the  principal  focus  of  a  plano- 
convex lens  of  crown  glass,  R,  5  cm.,  R',  infinity,  chord,  5  cm.,  index  of 
refraction,  1.5. 

12a.  By  what  methods,  exclusive  of  dispersion,  may  colored  light  be 
obtained  from  white  light? 

b.  What  is  the  most  economical  method  of  producing  light  of  a 
certain  color,  yellow,  for  example? 

13a.  A  body  having  10,000,006-}-  units  of  electricity  and  9,999,994— 
units  is  electrically  connected  with  a  second  body  having  9,999,994 —  units 
and  10,000,006 —  units.  Show  by  a  series  of  drawings,  the  original  elec- 
trical condition  of  the  bodies,  what  occurs  while  they  are  connected,  and, 
their  final  condition. 

b.  Two  charged  bodies  ^  cm.  apart,  repel  each  other  with  a  force  of 
40  dynes,  one  of  them  has  a  charge  of  5+  units,  what  is  the  charge  on 
the  other  body? 

14.  Diagram  the  action  of  a  copper  oxid  (CuO)  —  sulphuric  acid  — 
zinc  cell.    State  what  are  formed  and  what  are  used  during  the  action. 

Or  make  diagram  illustrating  the  action  during  the  discharge  of  a 
secondary  cell. 

15.  A  voltmeter  connected  in  parallel  with  a  certain  tungsten  lamp 
reads  110,  an  ammeter  connected  in  series  with  the  lamp  reads  .50,  the 
source  of  e.m.f.  is  direct  current  generator. 

a.  Diagram  the  connections,    b.  Calculate  the  resistance  of  the  lamp. 

c.  The  resistance  of  4  such  lamps  connected  in  the  usual  manner,  d.  The 
cost  of  running  the  four  lamps  1,000  hours,  1  kw.  hr.  costs  10  cents, 
e.  The  candle  power  of  each  lamp. 

16.  Sketch  the  magnetic  field  of  a  coil  of  one  turn,  current  flowing 
upward  in  the  right  hand  wire,  put  4  compass  needles  in  the  field  and 
mark  the  poles  of  the  coiL 

17a.      Diagram  the  circuit  used  to  supply  energy  for  house  lighting. 

b.  5  amperes  at  110  volts  is  required  for  a  certain  house.  The  sec- 
ondary of  the  transformer  has  55  turns,  the  primary  1,100  turns,  what 
voltage  is  impressed  upon  the  primary?  c.  If  there  were  no  other  house 
to  be  supplied,  how  strong  a  current  would  flow  through  the  line  from 
the  power  house?    Assume  the  efficiency  of  the  transformer  to  be  100%. 

d.  Draw  a  section  of  a  transformer,  label  the  parts.  Do  not  show  con- 
nections. 

P.  M.  Dysart,  Head  of  Physics  Department. 
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OPAQUE  PEOJEOnON  OF  LARGE  OBJECTS. 

A  new  realm  of  usefulness  has  been  opened  up  for  optical  projection 
by  the  unique  balopticon  recently  devised  and  constructed  by  the  Bausch 
&  Lomb  Optical  Company.  Designed  for  the  projection  of  opaque  ob- 
jects and  illustrative  material  direct  on  a  much  larger  scale  than  ever 
before  attempted,  it  has  proved  entirely  practical  in  operation  and  pre- 
sents new  possibilities  for  this  attractive  form  of  projection.  The  ac- 
companying cut  gives  one  a  good  knowledge  of  the  apparatus. 


This  new  lantern  can  be  used  to  advantage  in  projecting  full-page 
illustrations  from  large  magazines,  or  photographs  and  engravings  of 
any  size  up  to  twenty  inches  square.  In  educational  work,  too,  lie  some  of 
its  greatest  possibilities  for  service  as  it  is  especially  suitable  for  pro- 
jecting large  embryos  and  anatomical  specimens.  All  subjects  are  clearly 
shown  in  their  natural  form  and  coloring  in  greatly  enlarged  images, 
conveying  a  certain  sense  of  the  true  relation  of  the  parts  projected. 

For  the  attainment  of  such  a  wide  scope  of  service  this  balopticon  was 
constructed  with  an  opening  for  objects  measuring  twenty  inches  square. 
To  cover  this  wide  area  with  sufficient  illumination  to  the  very  edges  was 
the  first  problem  to  be  solved.  This  was  successfully  accomplished  by 
mounting  two  large  90^  arc  lamps  in  their  light-tight  houses  at  a  suitable 
angle  to  the  object  table  to  cover  the  exposed  area  with  the  cone  of  light. 
These  illuminants  were  placed  near  enough  the  object  to  effect  their  pur- 
pose without  the  use  of  condensers,  thus  obviating  the  slight  absorption 
of  light  which  might  be  attributed  to  that  source.  Their  position  on 
opposite  sides  of  the  dark  chamber  also  results  in  eliminating  all  possible 
shadows. 

The  two  adjustable  rheostats  regulating  the  electric  current  are  se- 
curely mounted,  one  on  either  end  of  the  base,  while  each  lamp  is  con- 
trolled by  a  snap  switch  conveniently  placed.  Excellent  results  are 
obtainable  with  SO  amperes  of  current,  25  amperes  to  each  lamp,  although 
more  may  be  used  if  desired. 
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A  PUEELY  GEOICETKIOAL  PROOF  OF  THE  PYTHAOOREAIT 

THEOREM  ILLnSTRATINa  THE  PRINGIPLE  OF 

OONTINUITT. 

.  By  Clarence  Ohlendorf^ 
Park  Ridge,  III 
Case  I.     Angle  A  acute. 
Theorem.     a«=^+^— Z/taT. 
Prom  Pig.  1  we  observe: 
.  ABCG=  AHBB. 
I  A  CADas  A  BCD=  A  PCE. 
]a«=2AHBE-h2APCE. 
{ 1)  /<5«=:2  A  KCE+2  A  JAE. 
)(/«=2AjAE. 

|2ABCG-2AjAE=^-2rrf. 
'  A  KCE=  A  CAD '  =  A  CAD. 
Using  (1)  we  may  write, 

(2)  2aHBE+2aPCB=2aKCE+ 
2  A  JAE— 2  A  JAE+2  a  BCG, 
which  may  be  written, 

(3)  fl»=^+^— 2^^.  Q.  E.  D. 
Case  II.    Angle  A  a  right  angle. 
Theorem.     fl'=^+^. 

This  comes  from  Case  I  by  patting  ^=0.     Plotting  the  values  of  ^  as  a 
function  of  angle  A  the  following  curve  was  obtained.     Its  equation  is 

(4)  d^b  cos  A.   A  varying  from  0  to..  180°  in  counter-clockwise  direction. 

The  table  shows  how  d  varies 
with  angle  A.  i/  is  a  continuous 
function  of  A. 


riQ-i 


Acute    Z 

d 

A  varies 

0\...90' 

Right    Z 

0 

90° 

Obtuse  Z 

+ 

90°.. .180" 

Case  III. 
Theorem. 


Angle  A  obtuse. 
fl«=^+c«+2^rf. 


The  first  five  equations  of  (1)  hold  for 
Case  III.  In  place  of  the  last  two  equa- 
tions we  have  from  Fig.  2. 

j  2  A  BCG-2  A  JAE=^+2^:^. 
^^^"    I    AKCE=ACAD. 

Using  (1)  and  (5)  we  may  write, 

(6)  2aHBE4-2aPCE=2aKCE+ 
2AJAE4-1^BCG— 2AJAE, 

which  may  be  written, 

(7)  a^=^b^+(^+2cd,  Q.  E.  D. 
The  similarity  in  the  proof  of  Case  I 

and  Case  III  is  to  be  noted. 


JPV.^ 
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HOW  Movma  pigtuees  abe  used. 

In  the  April  Woman's  Home  Companion  there  is  an  extraordinarily 
interesting  account  of  the  development  of  moving  pictures  as  definite  edu- 
cational agencies.  The  article  includes  a  number  of  specific  reports  of 
the  uses  to  which  moving  pictures  are  being  devoted.  Following  are  some 
of  them : 

"A  Louisiana  teacher  changed  the  entire  character  of  picture-shows  in 
her  town  by  asking  the  manager  to  cooperate  with  her  in  class  work. 
When  her  pupils  in  literature  were  reading  'The  Vicar  of  Wakefield'  the 
manager  exhibited  a  picture  film  of  that  classic.  When  the  geography 
class  began  to  study  about  Switzerland,  the  manager  secured  films  showing 
Alpine  climbing.  That  manager  is  doing  a  bigger  business,  the  school 
children  are  receiving  clearer  ideas  of  their  class  work,  and  the  parents 
are  following  what  their  children  are  doing  in  school. 

"The  Iowa  Federation  of  Women's  Clubs,  has  started  a  movement  to 
induce  moving  picture  managers  to  show  Red  Cross  films  and  other  hy- 
gienic subjects  throughout  the  state.  The  senior  class  of  the  high  school 
at  Florence,  Colorado,  has  made  the  introduction  of  high-grade  films  into 
the  local  picture  houses  their  year's  work  in  civics. 

"The  Woman's  Municipal  League  of  Tecumseh,  Nebraska,  made  an  ar- 
rangement with  the  manager  of  the  Lyric  Theater  of  that  city  to  give 
them  a  percentage  of  one  day's  receipts  each  week,  and  exhibit  certain 
films  illustarting  the  civic  needs  and  work  of  the  city.  This  has  brought 
manager,  patrons,  and  social  workers  closely  together  for  the  city's  good. 

"The  president  of  the  Great  Northern  road  is  encouraging  immigration 
to  the  Northwest  by  sending  out  twenty  thousand  feet  of  special  films 
showing  industrial  and  agricultural  life  along  its  route.  These  are  dis- 
played in  cities  where  congestion  should  suggest  the  slogan,  *Back  to  the 
Farm.' 

"The  Tarrant  County  Medical  Society,  Ft.  Worth,  Texas,  has  started  an 
educational  campaign  by  showing  in  moving  pictures  how  to  keep  food 
clean  and  pure,  the  care  of  milk,  sanitary  dairies,  etc. 

"The  New  York. State  Board  of  Charities  wished  to  interest  the  public 
in  the  work  and  methods  pursued  in  various  state  institutions.  It  had  a 
film  company  take  moving  pictures,  in  orphanages,  reformatories,  hospitals, 
schools  for  the  blind  and  the  crippled,  *homes,'  etc.  These  are  now  ex- 
hibited in  commercial  clubs  and  at  conventions  and  county  fairs." 


SIMPLE  METHODS  OF  DETEEMININa  THE  HOBIZOiniAL 
COMPONENT  OF  THE  EARTH'S  MAGNET  FIELD. 

By  Raymond  B.  Abbott, 
University  of  California,  Berkeley. 

A  simple  direct-reading  method  for  measuring  H,  the  horizontal  com- 
ponent of  the  earth's  magnetic  field,  has  been  found  to  be  very  satisfactory 
by  the  writer. 

A  portable  ammeter,  which  can  be  read  to  thousandths  of  an  ampere 
accurately,  an  adjustable  resistance,  a  battery  cell,  and  a  tangent  galva- 
nometer are  all  connected  in  series.  The  galvanometer  being  adjusted 
in  the  position  where  the  value  of  H  is  to  be  found,  adjust  the  resistance 
until  the  galvanometer  reads  the  angle  whose  tangent  is  equal  to  one- 
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tenth  the  galvanometer  constant    ,  where  n  is  the  number  of  turns 

and  r  the  mean  radius  of  the  coils. 

10  H 
If  1=  ~z — -  tan  0,  then  our  eqnation  becomet, 

r 
_      10  H  ^    1     ^    2vu  _    „  .    „ 

1=  -^^  ^  lo   '^  "7~'   ^  *  nnmencally. 

r 
The  ammeter  now  reads  H  as  well  as  I. 

The  best  kind  of  galvanometer  to  use  for  this  purpose  is  one  so  made 
that 

tan-i  twnm  r=45% 

where  the  sensitiveness  of  the  galvanometer  is  the  greatest.     A  good 
arrangement  is  to  let  »  =  20,  then  r  =  12.566  cm.    Then 

I=Htan^. 
For,      ^=45% 

I  =  H,  numerically. 


HEALTH  RESORTS  AND  INFEOTION. 

Among  the  public  the  idea  is  occasionally  found  that  cities  or  com- 
munities frequented  by  tuberculous  persons  present  conditions  favorable 
for  the  infection  of  the  well.  While  it  was  difficult  to  secure  conclusive 
evidence  to  prove  the  error  of  the  assumption  referred  to,  yet  a  study 
of  the  question  would  indicate  that  casual  contact  and  house  infection 
were  of  relatively  slight  importance,  and  that  if  the  presence  of  a  large 
number  of  "open  cases"  were  a  factor  of  great  importance  in  spreading 
tuberculosis,  there  should  be  some  correlation  between  the  death-rate  of 
imported  and  acquired  cases  in  the  various  communities.  None  of  the 
states  except  Arizona  classifies  separately  the  deaths  from  imported  cases 
and  those  from  locally  acquired  tuberculosis.  It  is  found  that  in  Denver, 
which  also  makes  this  distinction  in  classifying  these  deaths,  the  death- 
rate  from  locally  acquired  tuberculosis,  while  it  fluctuates  somewhat,  is 
low  and  is  certainly  not  increasing.  California  also  classifies  these  deaths 
according  to  length  of  residence  and  while  the  line  cannot  be  distinctly 
drawn  between  imported  and  locally  acquired  cases,  yet  the  conclusion  is 
that  the  death-rate  from  tuberculosis  is  no  higher  in  southern  California, 
which  receives  most  of  the  imported  cases,  than  it  is  in  the  central  and 
northern  portions  of  the  state.  The  abundance  of  sunshine,  which  quickly 
destroys  the  germ,  and  the  possibility  of  outdoor  life  in  most  of  these 
communities,  together  with  the  supervision  exercised  by  physicians  over 
this  class  of  patients  and  the  instruction  given  them  as  to  the  spread  of 
infection  and  adoption  of  correct  hygienic  measures,  make  these  com- 
munities as  safe  for  the  general  public  as  the  communities  less  favored 
by  climate.  The  Journal  of  the  American  Medical  Association  says  that 
tuberculosis  is  notoriously  a  disease  dependent  on  poverty,  malnutrition, 
dust,  bad  air,  and  bad  housing,  these  conditions  in  the  closely  populated 
industrial  centers  with  less  supervision  over  the  cases  really  afford  much 
greater  opportunity  for  the  spread  of  this  infection  than  the  presence  of 
many  open,  but  supervised  cases,  as  in  the  health  resort  communities. 
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THE  ASSOCIATION  OF  OHIO  TEAOHEBS  OF  MATHEMATICS 

AND  SOnSNOE. 

The  Association  of  Ohio  Teachers  of  Mathematics  and  Science  held  its 
ninth  annual  meeting  in  Chemical  Hall,  Ohio  State  University,  Colum- 
bus, O^  March  29  and  30,  1912. 

A  new  feature  of  the  program  was  the  session  Friday  at  8  P.  M.  At 
this  time  Professor  Lynds  Jones  of  Oberlin  College  gave  a  most  in- 
structive and  interesting  lecture  on  "The  Native  Birds  of  Ohio  and  Their 
Economic  Value."  Professor  Jones  spoke  at  length  of  the  great  benefit 
rendered  by  many  of  our  common  birds  in  the  fields  and  orchards  of  the 
open  country  as  well  as  in  and  about  towns.  Very  few  even  of  the 
supposedly  destructive  birds,  such  as  hawks  and  owls,  take  any  appreci- 
able per  cent  of  their  living  from  the  poultry  yard,  but  feed  on  mice, 
snakes,  and  other  pests  of  bam  and  field.  In  the  case  of  other  birds 
damage  done  to  fruit  or  crops  is  largely  offset  by  the  destruction  of 
great  numbers  of  weed  seeds  and  injurious  insects  on  which  these  birds 
so  generally  live.  The  lecture  was  illustrated  with  a  goodly  number  of 
slides. 

Following  the  lecture  a  letter  was  read  from  Professor  T.  E.  McKinney, 
now  of  the  University  of  South  Dakota.  Professor  McKinney  was  ac- 
tively interested  in  organizing  the  Ohio  association,  and  was  its  first 
secretary.  This  letter  gave  a  brief  sketch  of  the  first  meetings  in  1904, 
and  emphasized  the  purpose  for  which  the  association  was  funded  and 
still  continues,  viz:  "That  college  and  high  school  men  may  work  side  by 
side  for  the  improvement  of  the  teaching  of  mathematics  and  science 
throughout  the  state." 

A  short  social  hour  followed,  with  opportunity  for  enrollment  of  mem- 
bers. 

At  the  general  session  Saturday  morning  several  items  of  business  were 
transacted,  including  the  reading  and  approving  of  the  minutes  of  the 
last  annus^  meeting  and  the  treasurer's  report ;  the  appointments  of  audit- 
ing and  nominating  committees;  and  a  motion  to  drop  names  from  mem- 
bership roll  if  dues  were  in  arrears  more  than  one  year,  previous  notice 
having  been  sent  to  such  members. 

Following  the  business  meeting  Professor  J.  Warren  Smith,  director 
of  the  Columbus  Weather  Bureau,  gave  a  talk  on  "Atmospheric  Phe- 
nomena and  Their  Interpretation."  The  talk  was  illustrated  with  numer- 
ous slides  showing  among  other  pictures  the  first  station  on  Mt.  Wash- 
ington, the  later  one  on  Pike's  Peak,  some  of  the  various  instruments  used 
by  the  weather  bureau,  a  goodly  number  of  charts  and  maps,  and  some 
interesting  pictures  of  the  results  of  storms  of  different  kinds.  Professor 
Smith  said  the  per  cent  of  correctness  of  forecasts  had  not  been  increased 
so  much  in  later  work,  but  the  interval  of  time  covered  was  much  greater. 

Hon.  Frank  W.  Miller,  Commissioner  of  Schools,  was  not  present  to 
give  his  address  on  "The  Coming  of  Agriculture  into  Ohio  Schools," 
but  Mr.  R.  O.  Austin,  Commercial  High  School,  Columbus,  made  some 
very  interesting  remarks  on  experiments,  in  the  class  room  and  in  his 
own  home,  regarding  the  effect  of  the  humidity  of  the  atmosphere  on  the 
necessary  degree  of  temperature.  The  meeting  then  adjourned  to  sectional 
meetings. 

The  science  section  was  presided  over  by  Vice-President  Ralph  W. 
Buck  and  the  following  papers  were  presented: 

1.  "The  Nature  and  Economic  Value  of  Ohio  Soils,"  Mr.  Geo.  N. 
Coffey,  director  of  Ohio  Soil  Survey,  State  Experiment  Station,  Wooster. 
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2,  "The  Unknown  in  Physics,"  Professor  J.  F.  Culler,  Miami  Univer- 
sity, Oxford. 

Discussion  followed,  with  some  experiments  and  demcMistrations.  In 
the  mathematics  section,  Professor  Anderegg  of  Oberlin  presiding,  R.  £. 
OfFenhauer,  principal  of  the  Sandusky  high  school,  gave  the  first  paper 
on  "Motivation  in  High  School  Mathematics."  While  .admitting  the  value 
of  the  teaching  of  mathematical  truths  for  their  own  sake  and  for  the 
cultivation  of  an  appreciation  of  the  importance  of  mathematical  knowl- 
edge in  modern  life,  he  contended  that  "the  vitality  and  interest  added  to  a 
course  in  mathematics  by  concrete  problems  and  the  opportunity  of  hand- 
ling and  measuring  things  can  scarcely  be  estimated."  This  was  followed 
by  the  report  of  the  committee  on  a  High  School  Curriculum  in  Mathe- 
matics, of  which  Professor  K,  D.  Swartzel  of  Ohio  State  University  was 
chairman.  In  the  absence  of  the  other  members  of  the  committee,  the  entire 
report  was  undertaken  by  Professor  Swartzel.  Three  different  sets  of 
questions  had  been  sent  out.  The  first  set  went  to  about  500  high  school 
principals,  with  some  thirty-seven  returns.  The  second  set,  sent  to  seventy 
different  teachers  of  college  mathematics,  received  some  twenty-five  re- 
turns, and  the  third  set,  1,500  in  number,  went  to  members  of  college 
mathematics  classes  and  there  were  300  returns.  Professor  Swartzel  took 
up  the  responses  to  the  first  set  quite  fully.  The  consensus  of  opinion 
seemed  to  be  that  the  present  curriculum  was  favorable  for  those  gradu- 
ating from  high  school  and  entering  college,  but  not  for  those  who  do  not 
enter  college  or  who  enter  technical  schools.  In  many  cases  two  full  years 
of  algebra  for  high  school  were  recommended. 

In  the  responses  from  college  classes  it  was  admitted  that  the  readjust- 
ment of  the  curriculum  would  meet  some  of  the  difficulties,  but  in  both 
reports  the  conclusion  seemed  to  be  that  the  great  problem  was  not  that 
of  the  curriculum,  but  that  of  the  teacher.  "Poorly  prepared  teachers 
arouse  no  interest."  "Teachers  do  not  insist  on  accuracy  and  honesty." 
"Theory  is  neglected ;  work  is  too  mechanical."  "There  is  lack  of  indepen- 
dent thought,"  etc.  Owing  to  lack  of  time  the  report  from  the  teachers  of 
college  mathematics  was  not  given,  neither  was  there  opportunity  for  any 
discussion  of  the  reports. 

At  the  general  session  of  the  afternoon,  reports  of  the  committees  were 
heard,  and  Professor  Geo.  R.  Twiss,  state  inspector,  Ohio  State 
University,  was  appointed  delegate  from  the  association  to  the  American 
Federation.  On  motion  of  Professor  Yanney  of  Wooster  it  was  voted 
that  the  officers  of  the  closing  year  draw  up  resolutions  appropriate  to  the 
work  and  influence  of  Professor  J.  L.  Gilpatrick  of  Denison  University, 
news  of  whose  death  had  just  been  received.  Professor  Gilpatrick  was 
one  of  the  charter  members  of  the  association. 

The  association  then  listened  to  a  paper  by  Thos.  E.  French,  professor 
of  drawing  in  Ohio  State  University,  on  the  subject  "Graphics  in  Mathe- 
matics and  Science."  He  contended  that  drawing  is  a  language,  and  a 
very  necessary  one  in  the  pursuit  of  nearly  all  lines  of  activity,  both 
mathematical  and  otherwise,  and  he  spoke  of  the  frequent  inability  of 
men  doing  work  along  mechanical  lines  to  picture  the  simplest  pieces  of 
machinery  with  anything  like  correctness.  Professor  Geo.  R.  Twiss  then 
exhibited  the  Bausch  and  Lamb  balopticon,  or  reflectoscope,  showing  the 
excellent  results  possible  with  post  cards,  magazine  cuts,  and  even  the 
printed  paragraph.  The  sectional  meetings  followed.  In  the  physics  and 
chemistry  section  these  papers  were  given: 

1.  "Industrial  Physics  in  the  High  School,"  J.  W.  Simons,  Woodward 
High  School,  Cincinnati. 
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2.  "The  Metallurgy  and  Commercial  Analysis  of  Iron  Ores,"  Professor 
J.  D.  Demorest,  Ohio  State  University. 

3.  "Elimination  of  Waste  in  High  School  Chemistry,"  Albert  J. 
Schantz,  Steele  High  School,  Dayton. 

The  jearth  science  and  biology  section  held  its  own  separate  meeting  for 
the  second  time  in  the  history  of  the  association.  Three  excellent  papers 
were  submitted: 

1.  "Laboratory  Work  in  High  School  Physical  Geography,"  Professor 
Geo.  D.  Hubbard,  Oberlin  College. 

2.  "Desirable  Work  in  Agriculture  for  Ohio  Schools,"  Superintendent 
Lester  L.  Ivans,  Lebanon. 

3.  "High  School  Study  of  Thallophytes,"  Professor  Frederick  D. 
Grover,  Oberlin  College. 

In  the  mathematical  section  Professor  B.  F.  Yanney  of  Wooster  gave 
a  talk  on  "Some  Suggestions  on  the  Teaching  of  Trigonometry,"  with 
many  practical  ideas  for  the  progressive  teacher,  such  as  graphical  treat- 
ment oi  functions  and  solution  of  trigonometric  equations  and  the  reduc- 
tion to  a  common  basis  of  the  error  of  angles  and  sides  in  the  solution  of 
triangles.  He  urged  the  individual  problem.  Then  followed  a  talk  by 
Dr.  £.  A.  Lyman,  professor  of  mathematics,  Michigan  State  Normal 
School,  Ypsilanti,  Mich.  He  gave  numerous  historical  illustrations  of 
the  methods  of  teaching  mathematics  among  early  nations,  and  spoke  of 
some  of  the  recent  movements  in  France,  Germany,  England,  and  the 
United  States.  Disappointment  was  felt  in  both  the  morning  and  after- 
noon sessions  that  the  time  for  discussion  was  so  limited. 

The  attendance  at  all  the  meetings  was  a  very  great  gain  over  that  of 
recent  years,  and  the  feeling  was  universal  that  the  change  of  time  from 
December  to  April  had  been  a  wise  one. 

The  following  officers  were  elected  for  the  ensuing  year:  President, 
Ralph  W.  Buck,  Stivers  Manual  Training  High  School,  Dayton,  Ohio; 
Vice-President,  S.  E.  Rasor,  Ohio  State  University,  Columbus,  Ohio; 
Secretary-Treasurer,  Miss  Harriet  E.  Glazier,  The  Western  College  for 
Women,  Oxford,  Ohio;  Assistant  Secretary,  Miss  Helen  E.  Rinehart, 
Central  High  School,  Toledo,  Ohio. 

Harriet  E.  Glazier,  Secretary. 


EASTEEN  ASSOCIATION  OF  PHYSICS  TEACHEES. 

The  sixty-first  meeting  of  this  association  was  held  Saturday,  March 
2,  at  the  Massachusetts  Institute  of  Technology.  Meeting  was  tailed  to 
order  by  President  Griswold  at  9:45,  when  the  secretary  presented  his 
interesting  annual  report  which  showed  the  association  to  be  in  an  excel* 
lent  and  flourishing  condition.  This  was  followed  by  an  itemized  report 
from  the  treasurer,  which  showe3  a  substantial  balance  on  hand. 

The  committee  on  new  apparatus,  Mr.  Homer  LeSourd,  as  chairman, 
presented  a  very  interesting  and  helpful  report  on  some  new  apparatus 
which  had  recently  been  put  on  the  market.  Mr.  Kamm,  an  ingenious 
device  for  showing  the  gridiron  compenting  pendulum.  A  similar  de- 
vice being  described  in  the  current  number  of  the  Zeitschrift  fur  den 
Physikatischen  und  Chemischen  Unterricht. 

The  committee  on  magazine  literature  also  had  an  interesting  report  to 
make.  Their  report  consisted  of  leading  physics  articles  and  several  of 
the  more  useful  journals  which  print,  from  time  to  time,  articles  bearing 
upon  physics. 
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By  no  means  the  least  important  was  the  report  of  the  committee  on 
current  events.  This  committee  has  for  its  purpose  the  presentation  to  the 
meetings  of  the  association,  the  new  things  that  are  going  on  in  the 
physics  world. 

Several  new  members  .were  elected  to  membership. 

Dr.  C.  Hayes  then  addressed  the  meeting  on  the  subject  of  Pyromctry. 
He  made  this  a  most  interesting  and  helpful  address,  describing  the  new 
style  and  type  of  pyrometers.  He  mentioned  three  types  of  these,  namely: 
Resistance,  thermo-electric  and  radiation  pyrometers.  His  reference  and 
explanation  of  the  method  of  optical  pyrometry  was  extremely  helpful. 

Professor  William  J.  Drisko  then  briefly  outlined  the  work  as  g^iven  to 
all  of  their  students  in  the  institute  during  the  first  two  years  of  their 
course.  He  also  spoke  with  reference  to  the  kind  of  preparation  pupils 
fitting  themselves  for  admission  should  have.  The  afternoon  session 
was  spent  in  a  very  profitable  visit  and  investigation  to  the  Christian 
Science  Publishing  Company's  plant  The  method  of  heating  and  venti- 
lating their  g^eat  auditorium  was  fully  explained  and  demonstrated.  On 
the  whole,  the  meeting  was  one  of  the  very  best  the  association  has  ever 
Jield.  C.  H.  S. 


BOOKS  BEOEIVED. 


The  Teaching  of  Physics.  By  C.  Riborg  Mann,  University  of  Chicago. 
Pages  xxv+304.  13x20  cm.  Cloth,  1912.  $1.25  net.  The  Macmillan 
Company,  New  York. 

Bookkeeping,  Introductory  Course.  By  George  W.  Miner.  Pages 
126+xxii.    16x24cm.    Cloth,  1912.    90  cents.    Ginn  &  Co.,  Boston. 

Linear  Polars  of  the  /C-Hedron  in  n  Space.  By  Harris  F.  MacNeish. 
2S  pages.    Paper.    27  cents  postpaid.    The  Univei'sity  of  Chicago  Press. 

Agricultural  Education  in  the  Public  Schools.  By  Benjamin  M.  Davis, 
Miami  University.  Pages  viiH-163.  15x23  cm.  Cloth,  1912.  $1.12  post- 
paid.   The  University  of  Chicago  Press. 

Teachers'  Guide  and  Classification  "600  set."  Kesrstone  stereographs 
and  lantern  slides.  347.  14x20  cm.  Cloth,  1911.  Keystone  View  Com- 
pany, Meadville,  Pa. 

The  Euclidean  or  Common  Sense  Theory  of  Space.    By  John  N.  Lyle. 

Report  on  Vocational  Training  in  Chicago  and  in  Other  Cities.  By  a 
Committee  of  the  City  Club  of  Chicago.  Pages  xiii+315.  17x25  cm. 
Cloth,  1912.    $1.50.    City  Club  of  Chicago,  I^ublishers. 

Kimball's  Commercial  Arithmetic.  By  Gustavus  S.  Kimball.  Pages 
yii-l-418.    15x20  cm.    Cloth,  1911.    G.  P.  Putnam's  Sons,  New  York  City. 

High  School  Education.  By  C.  H.  Johnston.  Pages  xxii+555.  1912. 
•Charles  Scribner's  Sons,  New  York. 


BOOK  BEVIEWS. 


'The  Teaching  of  Primary  Arithmetic,  by  Henry  Sussallo,  Professor  of 
the  Philosophy  of  Education,   Teachers  College,  Columbia   Univer- 
sity,    Pp.  xi-l-124.     12x18  cm.     1912.     Price,  60  cents.     Houghton, 
Mifflin  Company,  Boston. 
It  is  to  be  hoped  that  the  title  of  this  book  will  not  prevent  teachers  of 
secondary  mathematics  from  securing  a  copy  and  reading  it  carefully. 
There  is  much  of  value  in  it  for  every  teacher  of  mathematics,  since 
considerable  of  the  author's  discussion  may  be  safely  carried  over  into 
high  school  mathematics.    But  to  the  teacher  of  primary  arithmetic  this 
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book  should  prove  a  source  of  inspiration  to  a  better  understanding  of 
the  problems  of  teaching  and  to  more  efficient  teaching. 

The  scope  of  the  book  is  indicated  by  the  topics  of  the  chapters:  The 
Scope  of  the  Study;  The  Influence  of  Aims  of  Teaching;  The  Effect  of 
the  Changing  Status  of  Teaching  Method;  Method  as  Affected  by  the 
Distribution  and  Arrangement  of  Arithmetical  Work;  The  Distribution 
of  Objective  Work;  The  Materials  of  Objective  Teaching;  Some  Recent 
Influences  on  Objective  Teaching;  The  Use  of  Methods  of  Rationaliza- 
tion; Special  MeUiods  for  Obtaining  Accuracy,  Independence  and  Speed; 
The  Use  of  Special  Algorisms,  Oral  Forms  and  Written  Arrangements; 
Examples  and  Problems;  Characteristic  Modes  of  Progress  in  Teaching 
Method.  H.  E.  C. 

Bookkeeping,  Introductory  Course,  by  George  W.  Milner,  Pages  126+ 
xxii.    16x24  cm.    Cloth,  1912.    90  cents.    Ginn  &  Co.,  Boston. 

This  is  a  new  work  based  upon  and  growing  out  of  the  former  text, 
"Accounting  and  Business  Practice,"  by  John  H.  Moore  and  George  W. 
Miner. 

The  plan  of  the  book  is  simple,  yet  comprehensive.  Three  aims  have 
guided  the  author  in  grading  and  developing  his  material:  (1)  To  interest 
the  pupil ;  (2)  To  educate  the  pupil  through  the  use  of  this  material ;  and, 
(3)  To  give  the  pupil  practical  knowledge  and  skill.  Power  to  work 
independently  rather  than  mere  facility  in  mechanical  imitation  is  the 
aim  throughout. 

To  supplement  his  own  successful  experience  the  author  has  been  . 
fortunate  in  securing  the  advice  and  detailed  assistance  of  a  number  of 
the  foremost  teachers  and  authorities  in  the  field  of  bookkeeping.    This 
work  is  presented  to  the  public  with  confidence  that  it  represents  the  best 
theory  and  practice  of  this  country  at  this  time. 

It  contains  an  appendix  on  single  entry  with  this  the  pupil  will  have 
the  opportunity  of  comparing  clearly  and  comprehensively  this  with 
double  entry.  Several  pages  are  devoted  to  defining  common  terms  used 
in  bookkeeping.  The  loose-leaf  method  and  filing  devices  are  also  given 
proper  attention.  Commercial  terms  used  in  business  receive  proper 
treatment  in  being  defined  in  understandable  terms.  A  complex  index  is 
also  given.  Mechanically  the  book  is  put  together  in  the  best  manner 
possible,  the  paper  is  of  excellent  quality,  type  well  chosen,  in  fact  the 
book  has  been  made  to  use.  C.  H.  S. 

High  School  Geography,  Physical,  Economic,  and  Regional,  by  Charles 
R.  Dryer,  Pts.  I  and  II.  340  pp.,  with  illustrations  and  maps.  Amer- 
ican Book  Company,  1911.    $1.20. 

The  nearest  approach  to  the  method  of  treatment  of  secondary  school 
geography  advocated  by  the  leaders  in  this  field,  is  the  book  before  us. 
It  is  likewise  the  farthest  departure  from  the  ideals  of  the  Committee 
of  Ten  that  has  appeared  since  that  committee  made  its  report  While  the 
author  has  made  a  close  approach  here  to  the  recommendations  of  the 
recent  committees  of  both  the  N.  E.  A.  and  the  Association  of  American 
Geographers,  he  has  shown  much  courage  in  standing  out  absolutely  alone 
in  his  method  of  handling  his  materials.  If  the  schools  realize  how 
closely  he  has  come  to  what  they  have  been  calling  for,  the  book  will  be 
a  good  seller;  if  they  do  not  such  a  radical  work  will  fail. 

In  the  book,  systematic  physical  geography  has  been  reduced  to  a  min- 
imum; physical  geography  for  its  own  sake  is  nearly  absent.  Descrip- 
tion is  good.  Geographic  relations,  cultural  adjustments  and  responiet- 
to  physical  conditions  are  carefully  worked  out  and  constitute  the  theme- 


Digitized  byLjOOQlC 


540  SCHOOL  SCIENCE  AND  MATHEMATICS 

and  spirit  of  the  book.  Most  maps  are  on  an  equal  area  projection — ^a 
decided  advantage.  Even  though  Part  I  is  called  Physical  Geography  it 
is  freely  interspersed  with  interpretations  of  relations.  It  covers  about 
250  pages.  Economic  geography  covers  about  seventy-five  pages  and  con- 
stitutes Part  II.    Part  III,  Regional  Geography,  is  soon  to  come  out 

G.  D.  H. 
Physiography  for  High  Schools,  by  Albert  L.  Arey,  Prank  L.  Bryant, 
William  W.  Clendinin,  and  William  T.  Morrey,  of  the  New  York 
City  High  Schools.    Pages  vi+450.     14x21  cm.    Cloth,  1912.     D.  C. 
Heath  &  Co.,  Boston. 

This  splendid  book  has  been  gotten  out  by  these  authors  who  have 
long  been  teaching  the  subject  of  physiography,  and  who  have  felt  the 
need  of  a  text  which  would  present  the  subject-matter  from  the  high 
school  point  of  view.  It  has  been  written  largely  for  the  purpose  of 
meeting  the  needs  of  that  ever  increasing  number  of  pupils  who  complete 
their  education  in  the  secondary  schools.  This  text  is  written  in  a 
clear,  concise,  and  understandable  way,  so  that  a  secondary  pupil  cannot 
help  but  become  interested  in  it.  The  matter  presented  has  been  in  suc- 
cessful use  in  the  class  rooms  of  the  authors  for  several  years.  It 
contains  more  than  enough  matter  for  one  year's  work.  It  is  divided 
into  four  parts.  Part  one  discusses  the  earth  as  a  planet;  part  two  is 
devoted  to  the  air;  part  three  considers  the  sea,  and  part  four  dis- 
cusses light.  Altogether,  there  are  twenty-seven  chapters.  There  are  two 
hundred  thirty-four  splendid  illustrations,  many  of  them  being  half- 
tones from  actual  photographs.  There  are  a  number  of  diagrammatical 
drawings,  also  several  maps  and  charts,  all  of  which  help  to  illustrate 
the  subject-matter.  At  the  end  of  every  chapter  is  a  splendid  list  of 
questions  bearing  upon  the  subject  treated  in  that  chapter.  The  principle 
paragraphs  begin  with  bold- face  type  and  when  technical  terms  are  used 
for  the  first  time  they  are  italicized.  The  authors  lay  special  stress  on 
the  fact  that  sentences  printed  in  italics  should  be  memorized.  In  the 
appendix  there  is  a  splendid  bibliography  of  books  of  a  kindred  nature. 
There  is  a  complete  index  of  twelve  pages. 

Mechanically,  the  book  represents  perfection.  The  type  is  large  and 
clear.  Boards  of  education  and  teachers  looking  for  texts  on  physiogra- 
phy to  introduce  into  their  schools  cannot  do  better  than  to  decide  upon 
this  one.     It  deserves  wide  circulation.  C.  H.  S. 

The  Elements  of  Qualitative  Chemical  Analysis,  by  Julius  Stieglitz,  Uni- 
versity of  Chicago.  Volume  I,  theoretical  part,  pp.  312,  $1.40  net. 
Volume  II,  laboratory  manual,  pp.  151,  $120  net.  The  Century 
Company,  New  York.    1911. 

The  chief  object  of  the  author  in  writing  this  book  was  to  satisfy  the 
often  expressed  wish  to  have  his  lectures  on  qualitative  analysis  available 
for  reference  and  for  a  wider  circle  of  instruction. 

It  consists  of  four  parts,  two  in  each  of  the  volumes.  Parts  I  and  II 
embody  the  author's  lectures  in  the  form  to  which  they  have  developed 
in  the  course  of  the  last  sixteen  years,  since  the  appearance  of  Ostwald's 
"Wissenschaftliche  Grundlagen  der  Analytischen  Chemie." 

The  professional  method  of  work,  whether  routine  or  research  work 
of  the  academic  or  the  industrial  laboratory  is  involved,  inevitably  con- 
sists in  first  making  an  exhaustive  study  of  the  general  chemical  aspects 
of  the  subject  under  examination;  it  includes  a  thorough  study  of  books 
of  reference  and  of  the  original  literature  on  the  subject;  and  when  the 
experimental  work  is  finally  undertaken,  it  is  carried  out  with  a  critical, 
searching  mind,  which  questions  every  observation  made  and  every 
process  used. 
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The  method  of  the  author  aims  at  developing  these  habits  of  the  pro- 
fessional, productive  chemist. 

In  Part  I  a  somewhat  thorough  and  critical  study  is  first  made  of  the 
fundamental  general  chemical  principles  which  are  most  widely  involved 
in  analytical  work ;  while  the  applications  of  these  principles  to  elementary 
qualitative  analysis  are  discussed  in  Part  II,  in  closest  connection  with 
the  laboratory  work  covering  the  study  of  analytical  reactions  in  Part  III 
and  a  course  in  systematic  analysis  as  Part  IV. 

The  material  is  presented  not  as  a  finished  subject  but  as  a  growing 
one,  numerous  references  to  standard  works  and  to  the  current  literature 
are  given  and  those  suitable  for  reading  by  the  young  student  are  specially 
indicated. 

By  putting  the  subject-matter  of  part  III  largely  in  the  form  of  ques- 
tions, which  demand  of  the  student  careful  observations  and  thoughtful 
interpretation  of  the  same,  the  author  seeks  to  arouse  and  develop  the 
critical,  questioning  attitude  of  the  professional  chemist 

Chemical  and  physical  constants  are  given  and  used  wherever  it  is 
possible,  although  these  "constants"  have  in  part,  only  a  temporary  stand- 
ing, as  more  exact  work  will  continually  modify  their  numerical  values 
and  probably  limit  the  field  of  their  rigorous  application. 

"The  latter  facts  can  be  impressed  on  the  student  and  still  the  invalu- 
able principle  be  inculcated  in  his  mind,  that  chemistry  is  striving  to 
express  its  relations,  as  far  as  possible,  in  mathematical  terms,  exactly  as 
its  sister  science,  physics,  has  long  been  doing." 

This  work  by  reason  of  its  arrangement  of  material,  clearness  of  ex- 
pressjon,  and  the  adoption  of  recent  methods  of  approved  worth  deserves 
to  be  regarded  as  a  valuable  addition  to  the  treatises  on  this  subject  and 
not  merely  as  "one  more."  A.  L.  S. 

Handbook  of  Nature-Study,  by  Anna  Botsford  Comstock.  938  pages, 
illustrated  by  over  1,000  figures.  Published  by  The  Comstock  Pub- 
lishing Company,  Ithaca,  N.  Y.  1911.  Price,  $325,  plus  40  cents 
postage. 

For  nine  years  (1903-1911)  the  Cornell  Nature-Study  Leaflets  have 
been  a  potent  factor  in  developing  and  maintaining  interest  in  teaching 
elementary  science.  These  leaflets  presented  attractive  facts  regarding 
selected  topics,  and  presented  these  facts  in  a  unified  story  form.  Teach- 
ers with  previous  science  training  found  inspiration  in  the  style,  form, 
and  method  of  the  leaflets,  and  those  without  science  training  found 
attractive  facts  and  also  inspiration  and  method.  The  large  demand  for 
these  leaflets  made  it  impossible  for  the  publishers  to  meet  all  requests. 
The  book  now  under  discussion  is  based  upon  the  leaflets,  and  in  a  more 
complete  way  it  will  meet  the  needs  of  those  who  desired  the  leaflets,  and 
who  often  could  not  secure  them. 

But  the  book  is  more  comprehensive  than  the  combined  leaflets.  An 
introductory  twenty-four  page  discussion  of  nature-study  teaching  is  so 
sane  and  directly  helpful  that  teachers  who  read  this  flrst  part  will  thereby 
be  able  to  make  good  use  of  the  rest  of  the  book.  The  teacher  is  expected 
to  use  objects,  not  the  book,  in  teaching  children.  The  book  is  a  rich 
storehouse  of  interesting  nature  facts  and  stories.  It  holds  more  than 
any  one  teacher  or  pupil  will  observe,  but  less  than  all  will  observe.  It 
is  a  source-book  for  teacher  and  often  for  pupils  as  well — a.  source  to  . 
which  both  go  when  observation  of  objects  leaves  one  stranded,  or  even 
when  observation  of  objects  temporarily  loses  interest 

Plant  and  animal  life  with  a  hundred  pages  given  to  "Earth  and  Sky* 
compose  the  fields  of  subject-matter,  physical  nature-study  being  omitted. 
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In  the  plant  and  animal  life  parts,  the  treatment  is  based  throughout 
upon  selected  topics  as:  "The  Chipmunk,"  "The  Common  Toad,"  "The 
Grasshopper,"  "How  Birds  Fly,"  "The  Dandelion,"  etc.;  and  the  content 
of  the  last  section  may  be  suggested  by  such  topics  as:  "How  a  Brook 
Drops  its  Load,"  and  "The  Stars  of  Summer."  In  each  topic  there  is 
first  given  a  general  account,  or  "Teacher's  Story,"  then  an  outline  of 
lesson  plans,  closing  with  supplementary  reading.  Teachers  of  nature-study 
or  of  general  science  in  first-year  high  school  and  teachers  of  biolog- 
ical science  in  high  schools  will  find  in  the  book  much  material  with 
which  to  supplement  class,  laboratory,  field,  and  text-book  work. 

O.  W.  C. 

Laboratory  Exercises  in  Physiography,  by  James  //.  Smith,  Austin  High 
School,  Ira  W.  Stahl,  Lane  Technical  High  School,  Marion  Sykes, 
Bowen  High  School,  Chicago,  D.  C.  Heath  &  Co.,  Boston,  New 
York  and  Chicago. 

"This  book  of  laboratory  exercises  is  designed  for  either  a  full-year 
or  a  half-year  course  in  the  high  school."  The  immediate  occasion  for 
its  production  was  the  change  in  the  thirty-weeks'  course  in  physiography 
in  the  Chicago  high  schools  to  a  half-year  course.  This  is  the  third  or 
fourth  book  that  has  come  out  of  the  experience  of  the  Chicago  high 
school  teachers  as  the  course  in  physiography  has  passed  through  the 
different  stages  of  its  evolution  and  it  represents  the  latest  stage  of  this 
evolution.  The  authors  have  selected  forty-five  exercises  distributed  as 
follows : 

Physical  experiments,  1;  insolation,  temperature  distribution  and  range, 
4 ;  barometer,  1 ;  winds  and  currents,  3 ;  weather,  3 ;  rainfall  and  humidity, 
3;  relation  of  rainfall  to  vegetation,  1;  latitude,  longitude,  and  time,  2; 
rocks  and  minerals,  ?;  delta  table  experiments,  1;  map  study,  11;  farm 
and  mine  products,  4;  regional  geography,  5;  field  trips,  4. 

With  each  of  these  exercises  great  care  has  been  taken,  first  that  the 
exercise  itself  shall  not  be  beyond  the  grasp  of  the  first-year  high  school 
student  and  second  that  the  language  in  the  printed  directions  and  ques- 
tions shall  be  clear  and  comprehensible  to  the  young  people  using  them. 
With  the  exercises  there  are  references  to  several  of  the  modern  text-books 
in  physiography.  Many  of  the  exercises  are  divided  into  an  elementary 
part  and  a  more  advanced  part,  which  should  make  them  adaptable  to 
the  brighter  and  duller  student  or  to  the  longer  or  shorter  course.  In 
,the  book  there  are  a  number  of  outline  maps,  maps  showing  the  iso- 
thermal lines  for  January  and  July,  the  winds  and  ocean  currents,  rainfall, 
vegetation  belts,  iron  and  coal,  wheat,  corn,  and  cotton  production,  the 
physiographic  districts  of  the  United  States  and  the  glaciated  area  of 
North  America.  C.  E.  P. 

High  School  Geography,  by  Charles  R,  Dryer,  Professor  of  Geography, 
Indiana  State  Normal  School,  American  Book  Company. 
This  is  the  first  high  school  geography  to  be  published  in  America  and 
the  first  response  of  the  publishers  to  the  agitation  for  greater  emphasis 
on  the  human  side  in  the  high  school  physiography  courses.  The  book  is 
divided  into  three  parts.  Parts  I  and  II  are  at  hand  and  part  III,  which 
is  yet  to  come  will  be  devoted,  it  is  understood,  to  regional  geography. 
The  three  parts  will  receive  a  more  extended  review  when  the  third  part 
is  received.  Instructors  in  physiography  are  already  acquainted  with 
the  merits  of  Dryer's  "Lessons  in  Physical  Geography"  and  will  welcome 
with  pleasure  this  addition  to  the  facilities  for  high  school  work. 

C.  E.  P. 
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THE  MOORE  AND  MINER  COMMERQAL  TEXTBOOKS 

Accounting  and  Business  Practice 

Practical  Business  Arithmetic 

Miner^s  Bookkeeping 

Just  Published 

This  is  a  new  book,  based  upon  the  (onner  text,  by  John  H.  Moore  and 
George  W.  Miner.    The  Bookkeeping  is  issued  in  (our  forms  as  foDows : 

The  INTRODUCTORY  COURSE  (Sett  I-IV.  Ezeicuei  and  Appendices)  is  designed 
for  schools  that  offer  •  course  in  the  fundamentals  of  bookkeeping,  including  the  standard  books 
and  accounts,  the  modem  use  of  a  bank  account,  and  the  common  f  onus  of  business  practice,  with 
an  elementary  treatise  on  drafts. 

The  INTRODUCTORY  and  INTERMEDIATE  COURSE  (Sets  I-VI,  Exercises  and 
Appendices)  gives  double  the  amount  of  work  that  is  contained  in  the  introductory  book.  It 
develops  detaued  applications  to  partnership  and  other  accounts  and  the  use  of  the  special  column 
and  subsidiary  books.    The  introductory  and  more  advanced  business  practice  is  included. 

The  COMPLETE  COURSE  (SeU  I-VIII.  Exercises  and  Appendices)  offers,  in  addition  to 
the  material  found  in  the  Introductory  and  Intermediate  Course,  further  work  in  special  accounts 
and  their  sub-divisioiu ;  the  use  of  the  special  column  and  subsidiary  books,  together  with  an 
up-to-date  manufacturing-corporation  set. 

The  Banking  Set  is  published  m  separate  form.     It  comprises  the  best  in  modem  banking. 

GINN   AND   COMPANY,   PUBLISHERS 

BOSTON  NEW  YORK  CHICAGO  LONDON 

ATLANTA  DALLAS  COLUMBUS  SAN  FRANCISCO 


JUST  PUBLISHED 

Chemistry  is  becoming  a  most  important  subject  in  the  education  of  our 
boys  and  girls,  because  of  its  relation  to  other  sciences  and  to  practical 
uses.  Teachers  who  wish  to  present  an  up-to-date,  sensible,  instructive 
course  should  investigate  the 

NEW  HESSLER-SMITH 
CHEMISTRY 

JUST  COMING  FROM  THE  PRESS 

It  follows  the  present  Hessler-Smith  Chemistry,  which  in  the  last  five 
years  has  been  adopted  for  exclusive  use  in  six  states  that  have  uniformity 
in  their  high  school  texts,  and  also  in  many  of  the  largest  cities  of  the 
country. 

GET  IT  AND  EXAMINE  IT  IF  YOU 
WANT  THE  BEST 

zsss=sssss=s=ss=  PUBLISHED  BY  SS=SSSSS^SS=S=SS==i 

BENJ.  H.  SANBORN  &  COMPANY 

BOSTON  NEW  YORK  CHICAGO 

PlflMa  mantloB  S^ool  Bdanea  and  Matlmnattet  when  anawarlnc  adTtttoamanf.  _ 
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A  Text-book  of  Inorganic  Chemistry,  by  Dr.  A,  F.  HoUeman.  Issued  in 
English  in  cooperation  with  H.  C.  Cooper.  Pp.  505.  Fourth  English 
edition,  revised    John  Wiley  &  Sons.    1912.    Price,  $2.50. 

This  edition  represents  a  thorough  revision  by  the  Dutch  author  and 
the  American  translator.  Very  many  of  the  chapters  have  been  re- 
written bringing  the  book  strictly  up-to-date. 

The  chapter  on  the  following  topics  are  especially  valuable : 

Radio-active  elements,  rare  gases  of  the  air,  colloids,  decomposition  of 
molecules  and  atoms,  electrolytic  processes,  ionic  equilibrium,  and  chemical 
affinity,  enzyme  action,  syntheses  of  physiological  compounds  and  the 
stereochemistry  of  the  sugars. 

It  is  a  very  readable  book,  and  should  be  in  the  library  of  every  chem- 
istry teacher  who  wishes  to  keep  in  touch  with  the  latest  theories  and  dis- 
coveries. C  M.  T. 


SUMMEE  SOHOOL  AT  CORNELL  TJNIVEESITY. 

Cornell  University  is  offering  rather  extensive  opportunities,  primarily 
to  school  teachers,  during  July  and  August  in  its  summer  session. 

Special  courses  for  teachers  are  offered  in  mathematics  and  the  various 
sciences. 

In  physics  several  courses  specially  adapted  to  high  school  teachers  are 
offered.  A  novel  course  is  one  on  equipment  and  plan  of  a  physics 
laboratory  with  an  experienced  high  school  teacher  as  instructor. 

Experience  of  a  good  many  years  and  observations  of  a  good  many 
places  convinces  that  Cornell  offers  an  almost  unique  combination  of  a 
university  plant  well  equipped  in  library,  laboratory,  shop,  and  farm 
facilities,  with  a  surrounding  country  of  rare  beauty  for  out-of-door 
enjoyment  and  remarkably  rich  in  opportunities  for  field  work  in  science. 


NATIONAL  mUCATION  ASSOCIATION. 

The  fiftieth  annual  convention  of  the  National  Education 
Association  will  be  held  in  Chicago  July  6-12.  This  city  un- 
doubtedly is  the  best  place  for  the  meeting  which  could  have 
been  selected.  The  hotel  accommodations  are  sufficiently 
ample  and  of  the  highest  type  so  that  members  will  have  no 
difficulty  whatsoever  in  securing  good  rooms.  The  army  of 
6,000  Chicago  teachers  are  making  extensive  plans  to  enter- 
tain royally  all  members  of  the  association  who  will  be  for- 
tunate enough  to  attend. 

Come  and  see  her  two  great  universities,  her  twenty  high 
schools,  250  grade  and  grammar  schools,  besides  numerous 
private  institutions  of  all  kinds  as  well  as  hundreds  of  other 
points  of  interest  on  the  grandest  scale. 

The  programs  are  the  best  which  have  ever  been  arranged. 
Come  and  exchange  ideas  and  get  acquainted  with  other 
teachers. 
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MAX  KOHL  A.  6.  CHEMNITZ,  GERMANY 

FULLY   PAID-UP   CAPITAL,    M    I600000. 

Physical  Apparatus 

INDUCTION   COILS 

Oil  Air  Pumps 
Switchboards  for  School  Laboratories 

Projection  Apparatus 

COMPLETE  OUTFITS 

CeatrlAiffal    ]la«hlB«,    with    doable        «        .      «  .  «      « 

^SSSSi^c£l^SfSl^^:&^fS!^^    for  Uboratones  of  the  very  best  make 

rerolntloni  p«r  mlante. 

World's  Pair,  Brussel,  1910;  3  Grand  Prizes,  1  Gold  Medal 


De  Kalb  Physics  Table 

Where  a  large  number  of  classes  are 
to  be  accommodated  in  Physics  the 
De  Kalb  table  is  especially  adapted. 
It  has  1 6  student's  drawers  (eight  on 
each  side)  and  accommodates  4 
classes  of  4  each.  Its  first  cost  is 
greater  than  the  tables  built  by  your 
local  carpenter,  but  when  the  number 
of  students  it  accommodates,  the  length 
of  service,  beauty  of  design,  quality  of 
construction  and  durability  of  finish 
are  considered,  it  is  the  cheapest 
physics  table  in  the  market. 

The  body  of  this  table  is  constructed 

of  selected  plain   oak.     The  top  is 

made  up  of  birch  strips,  matched  and 

The  tops  are  warp  proof.    We  guarantee  them. 

Write  for  it  now. 


glued,  dressed  to  I  f '  thickness. 

Our  1911  "Furniture**  catalogue  describes  this  table  in  detail. 


KEWAUNEE  MANUFACTURING  COMPANY 

Manufacturers  of  High  Grade  Furniture 

-TJ^  Yoric  Office,  59  Fifth  Ave. 


KEWAUNEE,  WIS.: 
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SOIENOE  AND  MATHEMATIOS  SOOIETIES. 

Under  this  heading  are  published  in  the  February,  June,  and  October 
issues  of  this  joamal  the  name  and  officers  of  such  societies  as  famish  ns 
this  information.  We  ask  members  to  keep  as  informed  as  to  any  change 
In  the  officiary  of  their  society.  Names  are  dropped  when  they  become  a  year 
old. 
American  Association  for  the  AmrxNCEMENT  of  Science. 

President,  Dr.  Edward  C.  Pickering,  director  of  the  Harvard  Astro- 
nomical Observatory;  Vice-Presidents,  Section  A— E.  B.  Van  Vleck,  Uni- 
versity of  Wisconsin;  Section  B — ^Arthur  Gordon  Webster,  Clark  Uni- 
versity; Section  C — W.  Lash  Miller,  Toronto;  Section  D— J.  A.  Holmes, 
Washington,  D.  C;  Section  E — ^James  E.  Todd,  University  of  Kansas; 
Section  F — William  A.  Locy,  Northwestern  University;  Section  G — ^D.  S. 
Johnson,  Johns  Hopkins  University ;  Section  H — ^J.  Walter  Fewkes»  Wash- 
mgton,  D.  C;  Section  I — ^John  Hays  Hammond,  New  York;  Section  K — 

6  J.  McCleod,  Cleveland,  Ohio;  Section  L— J.  McKeen  Cattcll,  Columbia 
nivcrsity ;  Secretaries  of  Sections :  Section  B — ^W.  J.  Humphreys,  Mount 
Weather,  Va. ;  Section  E— Geo,  F.  Kay,  University  of  Iowa;  Section  K— 
Waldemar  Koch,  Chicago  University;  General  Secretary,  H.  E.  Summers, 
Iowa  State  College;  Secretary  of  the  Council,  H.  W.  Springsteen,  West- 
em  Reserve  University. 
American  Association  of  Economic  Entomoux^ists. 

President,  W.  D.  Hunter,  Dallas,  Texas ;  Vice-Presidents,  T.  J.  Headlee, 
Manhattan,  Kan.;  R.  A.  Cooley,  Bozeman,  Mont;  Secretary,  A.  F.  Bur- 
gess, Melrose  Highlands,  Mass. 
American  Mathsmaticai,  Society. 

President,  Professor  H.  B.  Fine,  Princeton  University;  Vice-Presidents, 
H.  F.  Blichfcldt  and  Henry  Taber;  Secretary,  F.  N.  Cole;  Treasurer,  J. 
H.  Tanner;  Librarian,  D.  E.  Smith;  Committee  of  Publication,  F.  N. 
Cole,  E.  W.  Brown  and  Virgil  Snyder. 
American  Natube-Studt  Societt. 

President,  B.  M.  Davis,  Miami  University,  Oxford,  O.;  Viee-PreMenti, 
Stanley  Coulter,  F.  L.  Stevens,  Gilbert  H.  Trafton,  and  P.  L.  Holts . 
American  Pai,eontological  Society. 

President,   David   White,   Washington,   D.   C;    Vice-President,   J.   C 
Mcrriam,  Berkeley,  Cal.;  Secretary,  R.  S.  Bassler,  Washington,  D.  C; 
Treasurer,  Richard  S.  Lull,  New  Haven,  Conn.;  Editor,  Charles  R.  East- 
man, Cambridge,  Mass. 
American  Physiologicai,  Soqety. 

President,  S.  J.  Meltzer,  New  York;  Secretary,  A.  J.  Carlson,  Chicago; 
Treasurer,  W.  B.  Cannon,  Boston;  Members  of  the  Council,  J.  Erlangcr, 
St.  Louis,  and  F.  S.  Lee,  New  York. 
American  Society  of  Biochemists. 

President,  Dr.  Archibald  B.  Macallum,  University  of  Toronto;  Secre- 
tary, Dr.  A.  N.  Richards,  University  of  Pennsylvania ;  Treasurer,  Dr.  Wal- 
ter Jones,  Johns  Hopkins  University ;  Councilors,  Drs.  L.  B.  Mendel,  Yale, 
and  H.  Gideon  Wells,  University  of  Chicago. 
American  Society  of  Naturalists. 

President,  Professor  E.  G.  Conklin,  Princeton  University;  Vice-Presi- 
dent, Professor  R.  G.  Harrison,  Yale  University;  Secretary,  Professor  A. 
L.  Treadwell,   Vassar  College;   Treasurer,  Professor  W.   E.   Kcllicott 
Goucher  College. 
Association  or  Ohio  Teachebs  of  Mathematics  and  Science. 

President,  Ralph  W.  Buck,  Stivers  Manual  Training  High  School,  Day- 
ton, Ohio;  Vice-President,  S.  E.  Rasor,  Ohio  State  University,  Columbus, 
Ohio ;  Secretary-Treasurer,  Miss  Harriet  E.  Glazier,  The  Western  College 
for  Women,  Oxford,  Ohio;  Assistant  Secretary,  Miss  Helen  E.  Rinehart, 
Central  High  School,  Toledo,  Ohio. 
Association  of  American  Geo(»aphers. 

President,  Rollin  D.  Salisbury,  University  of  Chicago;  First  Vice- 
President,  Marius  R.  Campbell;  Second  Vice-President,  Isaiah  Bowman; 
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Secretary,  Albert  Perry  Brigham,  Colgate  University;  Treasurer,  Nevin 
M.  Fenneman;  Councilor  for  three  years,  Lawrence  Martin. 
Association  op  Mathematicai,  Teachers  in  New  England. 

President,  Archibald  V.  Galbraith,  Middlesex  School,  Concord.  Mass.; 
Vice-President,  George  D.  Olds,  Amherst  College;  Secretary,  Harry  D. 
Gaylord,  98  Hemenway  St.,  Boston;  Treasurer,  F.  W.  Gentleman,  Me- 
chanic Arts  High  School,  Boston. 

Association  op  Teachers  op  Mathematics  por  the  Middu  States  and 
Maryland. 

President,  I.  J.  Schwatt  University  of  Pennsylvania;  Vice-President, 
A.  E.  King,  Erasmus  Hall  High  School,  Brooklyn;  Secretary,  H.  F.  Hart, 
Montclair    High  School,  Montclair,  N.  J.;  Treasurer,  Susan  C.  Lodge, 
Philadelphia  Collegiate  Institute,  Philadelphia. 
Botanical  Society  op  America. 

President,  L.  R.  Jones,  University  of  Wisconsin ;  Vice-President,  B.  M. 
Duggar,  Cornell  University;  Secretary,  G.  T.  Moore,  Washington  Univer- 
sity; Councilor,  Wm.  Trelease,  Missouri  Botanical  Garden. 
Central  AssoaATioN  op  Science  and  Mathematics  Teachers. 

Executive  Committee — President,  Herbert  E.  Cobb,  Lewis  Institute, 
Chicago,  111.;  Secretary-Treasurer,  C.  E.  Spicer,  Joliet  Township  High 
School,  100  Sherman  Street,  Joliet,  111.;  Assistant  Secretary-Treasurer, 
F.  C.  Donecker,  Crane  Technical  High  School,  Chicago,  III;  Biology — 
Chairman,  Fred  W.  Werner,  North  Division  High  School,  Milwaukee, 
Wis.;  Vice-Chairman,  W.  H.  Wright,  McKinley  High  School,  Chicago, 
111.;  Secretary,  J.  R.  Locke,  Streator  Township  High  School,  Streator, 
111.;  Chemistry—CAairman,  J.  W.  Shepherd,  Chicago  Teachers  College, 
Chicago,  111. ;  Vice-Chairman,  Chester  B.  Curtis,  Central  High  School,  St. 
Louis,  Mo.;  Secretary,  Leon  D.  Judd,  Lockport  Township  High  School, 
Lockport,  III;  Earth  Science— C^irman,  G.  R.  Mansfield,  Northwestern 
University,  Evanston,  III;  Vice-Chairman,  W.  E.  Durstine,  Technical 
High  School,  Cleveland,  Ohio;  Secretary,  Bertha  Henderson,  State  Nor- 
mal School,  Whitewater,  Wis.;  Mathematics— C^tVman,  Ira  S.  Condit 
Iowa  State  Teachers  College,  Cedar  Falls,  la.;  Vice-Chairman  Chas.  W. 
Newhall,  Shattuck  School,  Faribault,  Minn.;  Secretary,  E.  Marie  Gugle, 
Central  High  School,  Toledo,  Ohio;  Physics — Chairman,  E.  E.  Burns, 
Medill  High  School,  Chicago,  III;  Vice-Chairman,  William  M.  Butler, 
Yeatman  High  School,  St  Louis,  Mo.;  Secretary,  E.  P.  Reynolds,  State 
Normal  School,  Platteville,  Wis. 
Colorado  Mathematics  Association. 

President,    Saul    Epsteen,   University   of    Colorado,    Boulder;    Secretary- 
Treasurer,  Grace  E.  Shoe,  North  Side  High  School,  Denver. 
Eastern  Association  op  Physics  Teachers. 

President,  C.  S.  Griswold,  Groton  School,  Groton,  Mass.;  Vice-Presi- 
dent, Fred  H.  Cowan,  Girls'  Latin  School,  Boston,  Mass.;  Secretary,  Al- 
fred M.  Butler,  High  School,  East  Boston,  Mass.;  Treasurer,  Percy  S. 
Brayton,  Medford  High  School,  Medford,  Mass. 
Entomological  Society  op  America.    Meeting  in  December. 

President,  Stephen  A.  Forbes;  First  Vice-President,  A.  D.  Hopkins, 
Second  Vice-President,  C.  P.  Gillette;  Secretary-Treasurer,  Alex  D.  Mac- 
Gillivray;  Additional  Members  of  Executive  Committee,  J.  H.  Comstock, 
J.  B.  Smith,  Henry  Skinner,  Herbert  Osborn,  E.  D.  Ball,  P.  P.  Calvert; 
Member  of  Committee  on  Nomenclature,  H.  T.  Femald. 
Geological  Society  op  America. 

President,  Herman  L.  Fairchild,  Rochester  University;  Vice-Presidents, 
I.  C.  White  and  David  White ;  Secretary,  Edmund  O.  Hovey ;  Treasurer, 
William   B.    Clark;    Editor,   Joseph    Stanley- Brown ;   Librarian,    H.    P. 
Gushing. 
Illinois  State  Academy  of  Science. 

President,  Henry  Crew,  Northwestern  University,  Evanston;  Secretary, 
Otis  W.  Caldwell,  University  of  Chicago;   Treasurer,  John  C.  Hessler, 
James  Millikin  University,  Decatur,  111. 
INDIANA  Academy  of  Science. 

President,  Charles  R.  Dryer,  State  Normal  School ;  Vice-President,  David 
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W.  Dennis,  Earlham  College;  Secretary,  Andrew  J.  Bigney,  Moores  Hill 
College;  Aetietant  Secretary^  E.  A.  Williamson;  Preee  Secretary.  Milo  H. 
Stnart,  Indianapolis  Manual  Training  School ;  Treasurer,  W.  J.  Moenhans, 
State  University;  Editor,  L.  J.  Rettger,  State  Normal  School. 
Indiana  Association  of  Science  and  Mathematics. 

PreMent,  0.  A.  Vallance,   Indianapolis;   Vioe-Preeideni,  Roy  Cummins, 
Fort  Wayne ;  Secretary-Treasurer,  Henry  F.  A.  Meier,  Bransville. 
Iowa  Association  of  Mathematics  Teachers. 

President,  L.  F.  Neff,  Drake  University,  Des  Moines;  Vice-President, 

C.  S.  Cory,  State  Teachers  College,  Cedar  Falls;  Secretary,  Harriet  Solo- 
mon, Keokuk  High  School. 

Kansas  Association  op  Mathematics  Teachers. 

President,  W.  H.  Andrews,  State  Agricultural  College,  Manhattan ;  Vice- 
President,  Fiske  Allen,  State  Normal,  Emporia;  Secretary-Treasurer, 
Eleanora  Harris,  High  School,  Hutchinson. 

Mathematical  and  Physical  Sbotion  of  the  Ontario  Educational  As- 
sociation. 

Hon.  President,  J.  A.  Houston,  Education  Department,  Toronto;  Presi- 
dent, W.  J.  Patterson,  Western  University,  London;  viee'PresidenL  R. 
Wigntman,  Hartford  Coll.  Inst,  Toronto;  Secretary-Treasurer,  A.  M.  Over- 
holt,  Coll.  Inst^,  London ;  Councillors,  W.  L.  Sprung,  A.  M.  Robertson,  G. 
W.  Keith,  W.  W.  Rutherford,  T.  Kennedy. 
Mathematics  Section  of  the  Caufornia  Teachers'  Association. 

President,  Miss  May  V.  Haworth,  High  School,  Alameda;  Vice-Presi- 
dent. Principal  O.  A.  Johnson,  High  School,  San  Mateo;  Secretary,  Mr. 

D.  W.  Lindsay,   High   School,   Mountain  View;  Member  of  Executive 
Committee,  Dr.  A.  W.  Stamper,  State  Normal  School,  Chico. 
Missouri  Soodctt  of  Teachebs  of  Mathematics  and  Science. 

President,  Charles  Ammerman,  St.  Louis;  Secretary,  L.  D.  Ames,  Col- 
umbia; Mathematics  Division — Vice-President,  Byron  Cosby,  Kirksville; 
Secretary,  Clyde  Hill,  Springfield ;  Science  Division — ^Vice-President,  E.  L. 
Harrington,  Maryville;  Secretary,  Sidney  Calvert,  Columbia;  Treasurer, 
A.  J.  Schwartz,  St.  Louis.  512 
National  ESdugation  Association. 

President,  Carroll  G.  Pearse,  Superintendent  of  Schools,  Milwaukee,  Wis.; 
Secretary,  Irwin  Shepard,  Winona,  Minnj  Treasurer,  Eatherine  D.  Blake, 
New  York,  N.  Y. ;  Vtoe-PresidenU,  EHla  Flagg  Young.  Chicago,  111. ;  George 
H.  Carpenter,  Brownwood,  Tex.;  Charles  P.  Phubrook,  Bisbee,  Aria.; 
Helen  Marsh  Wixson,  Denver,  Colo.;  Samuel  Andrews,  PittsburglLPa. ; 
R.  H.  Wilson,  Oklahoma  City,  Okla.;  S.  S.  Stockwell,  Chevenne,  Wya; 
Edwin  D.  Ressler,  Corvallis,  Ore. ;  Woodland  C.  Phillips.  Maryland :  Edward 
Hyatt,  Sacramento,  Cal. ;  Vaugfaan  MacCangfaey.  Honolulu;  Board  of 
Trustees,  J SimeB  Y.  Joyner,  Raleigh,  N.  O. ;  James  M.  Greenwood,  Chairman, 
Kansas  City,  Mo. ;  J.  Stanley  Brown,  Joliet,  111. ;  Robert  J.  Aley,  Secretary, 
Orono,  Me.;  Carroll  G.  Pearse,  Milwaukee,  Wis. 
Natural  Soienob  Section  of  the  Ontario  EIdugational  Association. 

Hon,  President,  Professor  C.  O.  Chant;  President,  Major  W.  J.  Hamil- 
ton ;  Vice-President,  A.  Pearson ;  Secretary-Treasurer,  Arthur  Smith.  412. 
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LEARNING  FROM  EXPERIENCE.' 

By  John  F.  Woodhull,  Ph.D., 
Teachers  College,  Columbia  University,  New  York  City. 

When  one  says  he  has  reached  a  certain  conclusion  from  his 
experience,  particularly  if  that  experience  has  been  prolonged 
and  varied,  he  usually  expects  us  to  consider  him  an  authority. 
Nothing,  however,  is  more  common  than  for  one  person  to  dis- 
pute the  conclusions  drawn  from  another's  experience  and  to 
appeal  to  his  own  experience  for  counter-evidence.  One  who 
has  listened  to  farmers,  mechanics,  and  all  sorts  of  practical 
men,  each  attempting  to  disprove  the  conclusions  of  another  by 
appealing  to  his  own  experience,  is  forced  to  think  that  in  some 
cases  experience  serves  little  else  than  to  entrench  a  person  more 
firmly  in  error.  Note  how  dubious  the  physician  looks  when  his 
patient  claims  to  know  from  experience  that  certain  things  are 
good  or  bad  for  him.  I  take  it,  however,  that  most  of  those 
whom  I  am  addressing  would  rather  rely  upon  the  evidence  of 
the  practical  than  the  theoretical  man.  We  take  a  good  deal  of 
satisfaction  in  the  fact  that  Galileo  settled  by  observation  and 
experiment  many  questions  whith  had  been  mooted  for  two 
thousand  years,  after  the  fashion  of  the  dialectics  of  Plato  and 
Aristotle.  And  I  suppose  that  most  of  us  have  a  notion  that 
we  are  teaching  the  future  citizen  the  art  of  learning  something 
reliable  from  his  experience.  We  cannot  hope  that  the  few  facts 
learned  in  school  will  suffice  for  life,  and  so  we  aim  to  prepare 
the  student  to  gather  facts  from  his  experience  throughout  life, 
and  we  like  to  think  that  the  difference  between  the  schooled 
and  the  unschooled' person  is  that  the  former  will  be  able  to  g^ve 
more  reliable  testimony  from  his  experiences.  This  I  find  has 
been  the  aim  of  all  books  on  science  teaching  which  have  been 
written  in  the  last  century  and  a  half,  and  this  is  the  professed 
aim  of  every  one  of  us  to-day — ^but  what  is  our  practice?  Dur- 
ing the  third  of  a  century,  in  which  I  have  been  engaged  in 


1  Abstract  of  addreH  delivered  before  the  Bastem  Auociation  of  Chemistry  Teachers, 
Boston.  May  11, 1912. 
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teaching  and  observing  the  teaching  of  chemistry,  there  has  been 
a  constant  increase  in  the  attention  given  to  chemical  theory  in 
high  school  instruction — a  greater  and  greater  refinement  of 
chemical  definitions  and  doctrine  and  a  proportional  decrease  in 
the  tendency  to  lead  pupils  to  derive  their  knowledge  from  the 
experiences  of  life.  The  introduction  of  individual  laboratory 
work  on  the  part  of  the  pupils  has  even  accentuated  this  tendency 
rather  than  counteracted  it.  Laboratory  experiments  are  per- 
formed with  apparatus  which  suggests  nothing  found  anywhere 
outside  the  laboratory  and  for  purposes  which  obtain  nowhere 
else.  Meanwhile,  the  refinements  of  chemical  doctrine  which  are 
supposed  to  be  fundamental  remind  one  of  the  Church  Catechism 
— and  one  of  these  codes  has  about  as  much  relation  to  life's 
problems  as  the  other.  The  commissioner  of  education  in  this 
state  (Massachusetts)  has  said:* 

"All  education  seems  to  inherit  a  fundamental  tendency  toward 
the  abstract,  the  relatively  unreal,  the  bookish.  The  teaching 
of  science  has  done  something  to  correct  this,  but  even  here  there 
seems  to  be  a  persistent  disposition  to  wander  out  of  the  sun- 
light." 

There  is  a  rather  strenuous  attempt  in  some  quarters  to  teach 
what  is  called  applications  in  chemistry.  I  note  how  this  asso- 
ciation and  the  New  York  Chemistry  Teachers'  Qub  and  other 
such  organizations  of  chemistry  teachers  devote  most  of  their 
meetings  to  excursions  to  chemical  factories  and  the  like,  pre- 
sumably in  search  of  applications  of  chemical  principles  with 
which  to  enrich  their  teaching.  I  think,  however,  that  many 
teachers  have  gone  only  so  far  as  to  use  these  applications  to 
give  concreteness  to  their  teaching  of  principles — somewhat  as 
a  dictionary  defines  words  and  quoted  phrases  to  show  their  ap- 
plication. Some  teachers  think  that  school  and  college  are  the 
places  to  teach  fundamental  principles  only,  leaving  the  appli- 
cations to  be  found  by  the  pupil,  if  he  needs,  in  after  life.  And 
some  scorn  practical  applications  as  savoring  of  vocation  or 
trade.  But  those  who  test  students  in  after-life  know  that  the 
graduates  from  such  instruction  carry  with  them  little  under- 
standing of  either  applications  or  principles.  Some  few  teachers 
take  the  stand  that  the  applications  must  be  taught  from  the  first 
for  the  sake  of  making  the  principles  understandable,  but  with 
all  of  these  classes  the  end  in  view  is  "grounding  the  student  in 
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chemical  doctrine."  Now  I  contend  that  a  knowledge  of  chem- 
ical theory  is  of  secondary  importance  to  the  vast  majority  of 
high  school  pupils,  but  that  a  scientific  study  of  their  daily  ex- 
periences is  of  the  greatest  importance  to  all  students*  I  might 
further  claim  that  if  one  is  seeking  a  knowledge  of  chemical 
theory  he  will  reach  that  end  most  surely  by  inverting  the  usual 
order  of  procedure.  I  hear  someone  saying,  "You  cannot  teach 
application  until  you  have  first  taught  principles,"  and  I  reply, 
"You  cannot  teach  principles  until  aft^r  you  have  taught  appli- 
cations— ^very  many  applications."  The  high  school  course  might 
well  be  little  else  than  application  with  a  very  incidental  refer- 
ence to  principles.  It  should  be  a  sort  of  organization  of  ex- 
periences, letting  one  throw  light  upon  another  according  to 
Huxley's  idea  that  science  is  merely  organized  common  sense. 
Twenty  years  ago  I  wrote  a  book  on  this  plan,  but  I  had  at 
that  time  an  exaggerated  idea  of  the  availability  of  the  inductive 
method  for  the  instruction  of  the  young.  I  now  believe  in  giv- 
ing large  doses  of  information.  We  need  not,  I  think,  fear  the 
"talking  teacher."  All  great  teachers  have  been  conspicuous 
for  that  gift,  and  it  is  noticeable  that  they  all  have  bristled  with 
information  which  they  had  a  passion  for  imparting  to  others. 
Their  pupils  learned  to  think  in  orderly  fashion  apparently  by 
imitating  their  teacher.  It  is  a  powerful  incentive  to  scientific 
thinking  to  have  a  master,  whom  you  fully  trust,  lead  you  through 
the  interpretation  of  your  own  experiences.  Our  experiences  and 
our  observations  upon  nature  are  not  naturally  differentiated  un- 
der such  headings  as  chemistry,  physics,  physiology,  botany,  etc. 
If  we  label  them  anything  we  may  use  the  term  general  science. 
It  is  science  if  it  is  organized  common  sense.  By  a  strange 
inversion  of  ideas  the  college  preparatory  course  in  chemical 
doctrine  has  been  called  science.  It  seems  to  me  to  bear  a  similar 
relation  to  science  that  grammar  does  to  literature  and  modern 
students  go  far  in  literature  before  touching  grammar  and  they 
never  study  grammar  much. 

Let  me  illustrate  my  meaning  by  outlining  some  topics  of  in- 
struction. 

In  front  of  a  certain  building  there  is  an  iron  fence,  very 
rusty,  showing  that  some  chemical  action  has  been  going  on. 
There  is  another  one  near  by  which  has  been  carefully  attended 
to,  scraped  and  painted,  in  order  that  this  chemical  action  should 
not  go  on.    We  are  at  great  pains,  most  of  us,  to  see  that  this 
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action  docs  not  take  place  with  our  iron  things.  Many  of  our 
iron  goods  are  covered  with  tin,  zinc,  or  nickel  to  prevent  this 
action.  We  cover  them  with  vaseline.  We  oil  them.  We  use 
agate  iron,  or  enameled  iron.  Concrete  covers  iron  in  our  mod- 
em buildings.  It  is  so  hard  to  prevent  iron  from  this  destruction 
that  we  do  net  expect  to  find  pure  iron  in  nature.  If  w^e  want  a 
pure  specimen  in  a  museum,  we  kept  it  free  from  the  action  of 
the  air  and  free  from  contact  with  moisture.  We  have  noticed 
that  when  iron  is  brought  out  of  the  blacksmith's  furnace  it  has 
undergone  this  action  much  more  abundantly ;  it  is  coated  thickly 
with  this  rust.  We  have  noticed  in  our  experience  that  it  will 
not  do  to  let  water  stand  in  tin  basins;  we  find  a  yellow  spot 
where  the  water  has  begun  to  attack  the  iron  through  the  tin. 
A  hardware  storekeeper  will  bring  out  his  best  cutlery,  and  un- 
wrap it  carefully  protected  from  this  chemical  action,  probably 
wrapped  in  something  that  will  keep  it  dry  and  protect  it  from 
the  action  of  the  air.  Nails  which  are  left  exposed  to  the  weather 
tjo  through  this  process,  and  they  grow  larger,  a  crust  forms  upon 
them,  and  they  actually  increase  in  weight. 

I  do  not  suppose  that  anybody  will  imagine  that  I  condemn 
the  teaching  of  chemical  theory  in  its  proper  place.  I  am  not 
urging  that  you  follow  the  pace  of  the  pupil,  or  even  his  interests. 
However,  your  students  should  draw  from  you  the  explanation 
and  theory  rather  than  for  you  to  be  forcing  it  upon  them  in 
the  wrong  place.  I  am  contending  that  you  do  now  put  the 
chemical  theory  in  the  wrong  place  and  furnish  too  much  of  it. 
Your  pupils  will  want  to  know  the  explanation  of  this  action, 
and  you  should  tell  the  story  of  the  modern  idea  of  oxidation  in 
a  very  brief  and  incidental  way,  and  it  should  come  up  in  many 
different  connections  if  you  would  have  it  well  understood. 

Iron  is  not  the  only  metal  that  corrodes.  We  have  no  end  of 
trouble  to  keep  our  silver  and  brass  from  tarnishing.  We  pro- 
tect them  by  covering  with  some  metal  which  is  less  liable  to 
tarnish.  Your  students  will  ask,  why  do  silver  spoons  tarnish 
so  rapidly  in  hard-cooked  eggs?  Why  does  a  dime  that  is  kept 
in  a  pocket  with  rubber  eraser  tarnish  ?  Metals  do  tarnish ;  what 
are  they  given  to  uniting  with?  Look  through  a  mineral  cabi- 
net and  see  what  sort  of  compounds  of  the  metal  there  are. 

Heat  seems  to  aid  in  this  action,  and  heat  carried  to  a  much 
higher  degree  arrests  the  action.  And  so  we  can  easily  imagine 
the  conditions  of  things  outside  of  our  experience.    What  about 
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the  conditions  in  the  atmosphere  of  the  sun?  We  know  some- 
thing about  the  chemistry  of  the  sun,  almost  as  much  as  about 
the  chemistry  of  our  own  surroundings.  We  have  thus  far 
noticed  two  influences  which  induce  chemical  change — ^heat  and 
moisture.  See  how  we  make  use  of  the  first  influence  in  the 
laboratory;  nearly  all  our  work  depends  upon  the  use  of  the 
Bunsen  burner.  There  are  very  few  experiments  that  do  not  re- 
quire heat  of  some  sort  to  produce  the  change  desired.  We 
cannot  observe  cooking  processes  very  much  without  noticing 
that  time  as  well  as  temperature  is  an  important  consideration. 
Why  are  we  so  interested  in  the  fireless  cooker?  Largely  be- 
cause it  brings  in  the  question  of  time. 

I  remember  how  when  I  first  became  a  teacher,  1  tried  to 
bring  out  from  the  experiences  of  the  country  boy  a  series  of 
lessons.  We  were  burning  a  piece  of  paper  and  dropped  it  on 
the  stove.  It  changed  to  a  black  substance,  and  a  few  drops  of 
a  thick  liquid  remained  on  the  stove,  smearing  it.  And  I  tried 
to  make  it  clear  by  giving  a  multitude  of  other  experiences.  I 
will  give  you  just  an  outline  of  this.  I  had  been  burning  some 
waste  paper  in  the  furnace.  When  I  opened  the  door  of  the 
furnace,  drops  of  a  thick  liquid  fell  down  from  the  inside  of  the 
door  upon  the  paved  cellar  bottom.  In  that  town  I  went  to  a 
country  church  which  was  heated  by  a  stove,  with  a  long  pipe 
running  the  whole  length  of  the  building  to  a  chimney.  There 
were  places  where  the  stove  pipe  gapped,  and  oftentimes  you 
could  see  drops  of  this  liquid  come  out.  Of  course  it  was  gen- 
erally thought  that  it  was  water  from  outside  that  had  come  down 
the  chimney.  And  then  there  was  the  smokehouse,  where  the 
same  thing  was  going  on  over  and  over  again,  smearing  the 
walls  of  the  smokehouse.  And  then  there  were  the  chimney 
fires.  Why  should  a  pile  of  brick  get  on  fire  once  in  a  while? 
I  found  that  the  inside  walls  were  smeared  with  a  liquid,  and 
other  things  that  came  from  the  destructive  distillation  of  what 
was  being  burned  in  the  stove.  Then  there  was  the  gas  factory  ; 
because  those  were  the  days  when  they  were  throwing  away  the 
waste  products.  And  when  the  long  and  interesting  story  of  the 
coal  tar  products  came  out  they  created  tremendous  interest  in 
my  class  in  chemistry.  And  then  there  was  the  candle,  and  that 
rnost  interesting  book,  "The  Chemical  History  of  a  Candle," 
written  by  Faraday.  He  said  in  his  introduction  that  in  sitting 
down  to  watch  that  candle  he  saw  every  law  of  the  physical  uni~ 
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verse  illustrated.  And  then  came  the  wonderful  series  of  pe- 
troleum products. 

Now  heating  breaks  down  chemical  compounds,  and  it  stim- 
ulates chemical  action  most  interestingly  in  the  springtime.  What 
is  going  on  in  nature  around  us  now?  Why,  there  are  two 
things;  the  rise  in  temperature  and  moisture.  Where  we  have 
the  two  things  together  we  get  the  tropical  heat  of  summer, 
and  we  are  not  able  to  get  along  without  using  ice,  and  now  we 
are  about  to  begin  employing  the  iceman  again.  Because  nature 
is  now  stimulating  chemical  action,  giving  us  the  tropical  con- 
ditions which  stir  up  all  sorts  of  chemical  change. 

But  there  is  something  else  that  comes  from  our  observation 
regarding  this;  it  is  the  reverse  that  chemical  action  is  all  the 
time  tending  to  raise  the  temperature.  I  engaged  a  man  to 
bring  me  some  manure,  which  I  intended  to  use  on  the  lawn.  It 
was  dumped  down  in  a  heap  and  left  there  for  a  few  days.  One 
day  when  I  was  out  walking  with  my  son,  we  passed  the  pile 
of  manure.  He  stopped  me  and  remarked  that  the  pile  was 
steaming  as  though  there  was  a  fire  in  it.  Well,  of  course,  I 
had  to  give  him  a  lesson  in  chemistry,  though  he  was  only  eight 
years  old.  But  he  was  just  as  ready  to  hear  tliat  then  as  he 
will  be  in  the  third  year  of  high  school.  Later  in  the  season,  we 
mowed  the  lawn,  and  raked  the  grass  into  piles,  and  then  we 
were  negligent  about  removing  it.  My  son,  while  playing  on 
the  lawn,  put  his  foot  into  the  pile  of  hay.  It  was  very  hot ;  the 
chemical  action  that  was  going  on  produced  heat. 

All  along  the  street  the  plasterers  are  adding  cold  water  to 
cold  lime,  making  a  mortar,  and  the  whole  gets  steaming  hot, 
and  it  is  just  sickening  to  see  school  children  going  by  without 
seeing  it.  The  trouble  is  they  are  tired  of  being  snubbed  for 
trying  to  learn  from  their  experiences.  What  are  all  these  regu- 
lations about  disposing  of  painters'  rags,  etc.  ?  They  will  produce 
heat  and  spontaneous  combustion  it  is  feared.  To  avoid  such 
fires  we  are  told  that  we  must  guard  against  heat  and  moisture. 

But  this  thing  is  going  on  in  our  own  bodies.  Animal  heat 
is  simply  due  to  chemical  changes  like  the  heat  in  the  grass  pile, 
and  we  succeed  in  keeping  a  very  interesting  balance  between 
the  cold  of  winter  and  the  intense  heat  of  summer.  We  go  into 
a  cold  room  and  creep  into  so-called  "warm"  blankets,  although 
they  are  not  any  warmer  than  the  room  itself.  It  is  simply  the 
making  of  the  blankets  warm  by  the  heat  of  the  body.    Vegetable 
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life  goes  through  the  same  process.  We  have,  therefore,  a 
tremendously  interesting  chemical  action  going  on  in  all  sorts 
of  plant  organisms. 

So  we  are  not  surprised  to  find  the  sign,  "Keep  in  a  cool,  dry 
place,"  upon  packages  of  various  things. 

Then  there  is  another  thing  that  comes  to  a  pupil  from  his 
experiences.  That  is  that  light  is  also  an  agent  in  the  bringing 
about  of  chemical  changes  as,  for  instance,,  in  photography.  I 
took  up  photography  before  there  was  any  such  thing  as  the 
dry  plate,  or  the  kodak  films,  or  instantaneous  exposure.  I  re- 
member how  I  would  go  out  three  hours  after  sunrise  and  make 
an  exposure  for  a  certain  length  of  time,  to  get  a  picture,  and 
then  go  out  in  the  afternoon  three  hours  before  sunset,  and  it 
would  be  necessary  to  expose  the  film  about  three  times  as  long 
as  before  in  order  to  get  the  same  result,  when  no  one  could 
discover  by  any  observation  of  the  eye  that  the  day  was  less 
bright.  This  set  a  whole  train  of  thoughts  going;  and  it  was 
not  long  after  this  that  I  heard  of  the  wonderful  flowers  in 
Norway,  and  the  short  season  for  growing  wheat  in  Siberia, 
which  is  explained  by  the  fact  that  the  very  intense  heat  is  able 
to  make  up  for  the  short  season  of  high  temperature.  Then 
there  were  the  sprouts  growing  upon  potatoes  in  the  cellar,  and 
when  you  get  them  out  in  the  sun  they  become  green,  because 
the  chloryphyll  in  the  plant  is  developed  by  the  sun.  Then  there 
was  the  strange  action  upon  our  skins  in  the  summer  time, 
making  the  skin  tan;  and  the  fading  of  fabrics  which  we  ex- 
posed to  the  light,  and  on  the  wall  paper  where  pictures  have 
hung.  I  recollect  one  summer  we  hung  some  pictures  on  the 
bare  walls  of  a  camp.  Next  summer  we  wanted  to  change  the 
decorations  and  so  took  down  the  pictures.  The  spots  showed 
very  clearly  where  the  raw  spruce  boards  had  not  been  exposed 
to  the  light,  while  the  rest  had  grown  very  yellow.  I  remember 
a  blue  serge  suit.  After  a  few  weeks  wear  I  had  occasion  to 
turn  up  the  collar  of  the  coat,  and  there  was  the  original  color 
under  the  collar,  while  the  rest  of  the  coat  was  entirely  different. 
When  my  sister  took  down  her  hair,  there  were  places  where  it 
had  faded,  because  of  the  action  of  the  light  upon  it. 

I  see  that  my  time  has  gone,  and  I  won't  try  to  suggest  any 
more  of  this  except  to  say  that  there  is  little  in  the  whole  field 
of  science  which  you  can  teach  to  these  young  pupils  except 
through  the  channels  of  their  experiences. 
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SOME  EXPERIMENTS  WITH  VIBRATING   STRINGS. 

By  J.  S.  Shearer, 
Cornell  University, 

The  well-known  Melde  experiments  showing  to  the  eye  the 
form  of  vibration  of  strings  is  usually  performed  with  light 
cords  or  threads  and  show  only  simple  plane  polarized  vibra- 
tions. For  many  reasons  it  is  well  to  impress  upon  the  student 
the  fundamental  relations  between  frequency,  wave  length  and 
velocity  and  to  show  clearly  that  various  wave  lengths  may  exist 
at  the  same  time  either  in  simple  progressive  or  in  so-called 
stationary  wave  systems. 

A  simple  device  (Fig.  i)  for  giving  a  rotary  excitation  to 
a  string  without  twisting  it  has  been  in  use  in  our  lectures  for 


Fig.  I 

some  time.  It  consists  of  a  pin  free  to  twist  in  ball  bearings 
and  mounted  in  a  disk  rotated  by  a  motor.  A  string  of  con- 
venient length  (lo  to  50  feet)  may  be  attached  at  one  end  and 
the  other  end  either  held  in  the  hand  or  fastened  with  any  de- 
sired tension.  At  constant  speed  with  variable  tension  a  great 
variety  of  wave  lengths  may  be  shown.  At  constant  tension  and 
variable  speed  the  same  series  come  out  and  show  the  unstable 
state  of  transition  from  one  form  to  the  next. 

If  two  motors  are  available,  a  different  frequency  may  be 
impressed  on  each  end  showing  a  composite  wave  form.  When 
the  string,  driven  at  one  end,  is  held  at  45°  to  the  axis  of  ro- 
tation a  double  frequency  wave  is  shown  often  with  a  slow 
rotation.  Any  of  these  waves  may  be  plane  polarized  by  a  slit 
held  near  a  node.  By  using  two  slits  at  right  angles,  we  have 
along  part  of  the  string  a  wave  of  complex  type,  along  the 
region  between  the  slits  a  plane  polarized  wave  and  no  disturb- 
ance along  the  remainder.  The  selective  action  of  a  system 
for  waves  of  its  own  frequency  may  be  shown  by  making  a 
triangle  (Fig.  2)  of  string  under  tension  having  the  sides  un- 
equal in  length  and  attaching  the  end  of  the  vibrating  string 
to  one  corner.     On  varying  the  frequency  one  or  more  sides 
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of  the  triangle  will  spring  into  vibration  when  the  "tuning**  is 
correct. 


V/BRATItiQ  STKIN^f 


Fig.  2. 

The  relations  between  tension,  mass  per  unit  length,  fre- 
quency and  wave  length  may  be  shown  in  various  ways.  If 
two  cords  of  quite  different  weights  per  foot  are  tied  together 
it  is  possible  to  adjust  the  tension  so  as  to  bring  a  node  at  the 
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-->e 


Fig.  3 


junction.    Since  the  frequencies  are  the  same  and  the  velocities 
of  wave  propagation  and  wave  lengths  are  different,  we  have 


|/T/f«i 


hence       Vi/Vt=/,//a= 


l/T/f#»j 


and 


-i.  =  i/wj/w, 


I    t/BEwave  velocity 
I    fiwfreqaency 
L  /  "Bwave  length 


Fig. 


Another  instructive  experiment  may  be  shown  by 
using  a  long  spiral  spring  (Fig.  4)  suspended  vertically 
and  driven  by  a  rotor  turning  about  a  vertical  axis. 
The  upper  portion  of  the  spring  is  under  greater  ten- 
sion than  the  lower  and  on  account  of  stretch  has  less 
material  per  unit  length.  For  both  these  reasons  the 
wave  velocity  in  the  upper  portion  exceeds  that  below 
and  gives  a  longer  wave  for  the  same  frequency.  It 
is  quite  easy  to  get  the  upper  nodes  two  or  three  times 
as  far  apart  as  the  lower.  Other  experiments  may  be 
shown  and  quantitative  relations  are  easily  worked 
4.    out. 
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A   SIMPLE   APPARATUS   FOR  DETEBMININa  THE   ACCEIr 
EEATION  OF  A  FREELY  FALLING  BODY. 

By  W.  M.  Parker, 
East  Side  High  School,  Denver,  Colo. 

This  apparatus  was  devised  after  unsuccessful  attempts  to 
get  satisfactory  results  by  use  of  a  wooden  bar  as  the  pendulum. 
A  metal  block  (/)  (about  lo  cm.  x  5  cm. 
X  3  cm.)  is  suspended  by  two  fine  annealed 
steel  wires  to  a  rigid  support  (c).  A 
thread  is  attached  to  a  hook  on  the  center 
of  the  back  of  the  block  and  passes  under 
**  a  support  {d)  so  placed  that  the  thread  is 
perpendicular  to  the  face  of  the  block 
when  the  pendulum  is  drawn  back  through 
a  small  arc.  The  thread  then  passes  up- 
ward over  supports  (&)  and  (a)  and  is 
attached  to  a  metal  ball  of  sufficient  weight 
to  retain  the  pendulum  in  its  deflected 
position.  The  support  (a)  is  accurately 
adjusted  so  tliat  the  plane  of  the  face  of 
d  the  block  is  tangent  to  the  ball  when  the 
pendulum  and  ball  are  hanging  freely  at 
rest.  This  was  accomplished  in  the  case 
of  this  particular  apparatus  by  suspending 
the  ball  and  pendulum  freely  as  {c')  (f) 
and  cutting  out  the  notch  in  support  (a) 
until  the  ball  just  touched  the  face  of  the 
block.  A  piece  of  carbon  paper  and  a 
piece  of  white  paper  for  the  record  are 
fastened  to  the  face  of  the  block  by  rubber 
bands.  The  thread  is  cut  just  above  sup- 
port (&)  releasing  the  ball  and  pendulum 
at  the  same  time  and  avoiding  retardation 
due  to  the  thread  dragging  on  the  supports. 
The  pupil  is  told  the  approximate  start- 
ing place  of  the  ball  in  order  that  it  may 
strike  the  block  for  that  particular  length 
of  pendulum.  The  distance  from  the  center  of  the  ball  at  rest 
to  the  dot  on  the  record  paper  is  measured  to  mm.  The  time  of 
fall,  being  one  half  the  period  of  vibration  of  the  p>endulum,  can 
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be  found  with  any  desired  degree  of  accuracy.  It  has  been  our 
practice  to  time  from  50  to  100  vibrations  by  means  of  a  stop 
watch  or  an  ordinary  watch  that  has  a  large  second  dial.  By  this 
means  the  error  in  the  time  of  fall  is  less  than  .01  sec. 

This  apparatus  has  been  in  use  in  our  laboratory  for  three 
years  and  with  reasonable  care  on  the  part  of  the  pupil  can  be 
depended  upon  to  give  a  value  of  g  to  within  one  per  cent.  Of 
course  the  pendulum  and  ball  supports  must  be  very  rigid.  An 
electrical  release  has  beep  tried,  but  we  returned  to  the  form  de- 
scribed here  because  of  its  simplicity  and  reliability.  This  method 
for  finding  the  acceleration  of  a  freely  falling  body  has  the  ad- 
vantage of  being  simple,  direct,  and  accurate. 


Trial 

Nmil»cr  0f  V»ra1lMt 

Tine  !■  Stc. 

TtaitJ^V*. 

Dbtaacc  Body  Fals 

1 

50 

61.4  Sec. 

0.614  Sec. 

184.5  cm. 

2 

50 

61.6  Sec. 

0.616  Sec. 

184.8  cm. 

3 

50 

61.4  Sec. 

0.614  Sec. 

186.6  cm. 

Mean 

50 

61.46  Sec. 

0.6146  Sec. 

185.3  cm. 

I/ength  of  pendulum  150.4  cm. 


Value  of  ^983  -^ 
^  sec.* 


METHODS  OF  ILLUSTRATINa  OBTSTALUZATION. 

By  J.  E.  Stannard, 
Adelphi  Academy,  Brooklyn,  N.  K. 

I  lay  no  claim  to  originality  in  what  I  have  to  present  on  this 
subject.  I  have  simply  brought  together  a  few  ways  of  illus- 
trating an  interesting  property  of  matter  that  often  receives  very 
little  attention.  Crystallization  is  not  an  important  topic,  but  it 
is  one  that  can  be  attractively  illustrated  and  we  need  to  present 
such  topics  once  in  a  while,  even  though  they  may  not  be  men- 
tioned in  the  syllabus,  just  by  way  of  giving  a  spicy  seasoning  to 
the  regular  course. 

Realizing  that  something  which  the  student  can  see  and  per- 
haps handle  will  always  make  a  more  lasting  impression  on  his 
mind,  I  would  present  this  subject  with  few  words  but  many 
illustrations.  First,  large  well-formed  crystals  may  be  shown. 
Beautiful  large  crystals  of  copper  sulphate  may  be  obtained,  and 
if  kept  under  a  glass  receiver,  tightly  sealed,  they  will  last  for 
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a  long  time.  Some  metals,  as  zinc,  cadmium,  and  bismuth,  form 
crystals  that  are  large  enough  to  be  seen  by  a  class. 

A  saturated  solution  of  ordinary  salt  may  be  made  a  few  days 
beforehand.  This  may  be  colored  and  forms  an  effective  illus- 
tration after  the  salt  crystals  have  crept  up  over  the  edge  of  the 
dish.  Some  well-formed  cubical  crystals  will  be  found  floating  on 
the  surface  of  the  liquid  if  the  dish  has  stood  in  a  quiet  place. 
Threads  suspended  in  hot  saturated  solutions  of  alum  and  copper 
sulphate  will  produce  very  regular-shaped  crystals  of  good  size. 

A  saturated  solution  of  potassium  bichromate  may  be  poured 
over  a  glass  plate  of  lantern  slide  size  and  this  put  in  a  quiet 
place  over  night.  This  may  be  used  for  projection  with  the 
lantern. 

A  supersaturated  solution  of  sodium  sulphate  may  be  prepared 
by  dissolving  in  hot  water  all  the  salt  the  water  will  take,  and 
putting  this  in  a  quiet  place  to  cool.  Rapid  crystallization  may 
be  produced  by  shaking  or  dropping  in  a  crystal  of  sodium  sul- 
phate. 

If  you  can  find  opportunity  for  the  student  to  work  on  the 
subject  in  the  laboratory,  here  are  a  few  simple  experiments  he 
can  do: 

1.  Melt  potassium  bichromate  in  a  hard  glass  test-tube.  Roll 
the  tube  so  that  the  liquid  wets  the  surface  well.  Watch  the 
formation  of  crystals  as  it  cools. 

2.  Make  a  hot  saturated  solution  of  potassium  nitrate.  Crys- 
tals can  be  seen  forming  as  it  cools. 

3.  Make  in  test-tube  a  hot  saturated  solution  of  ammoniimi 
chloride.  Set  aside  until  next  laboratory  period.  Beautiful  crys- 
tals in  the  shape  of  Christmas  trees  will  be  formed,  extending 
from  the  bottom  up  and  from  the  surface  down  into  the  solution. 

In  the  lecture  room  this  subject  offers  an  excellent  opportunity 
to  use  the  microscope  projection  apparatus.  Drops  of  various 
solutions  may  be  put  on  the  small  glass  plates  used  and  as  the 
solution  dries  the  formation  of  crystals  may  be  seen  on  the  screen. 
Solutions  of  urea,  salicylic  acid,  and  ammonium  chloride  give 
good  results. 

By  using  a  polarizer  and  analyzer  and  specially  prepared  mi- 
croscope slides  very  interesting  and  beautiful  color  effects  may 
be  produced  when  the  analyzer  is  rotated.  Slides  with  potassium 
sulphate,  nickel  and  potassium  sulphate,  sugar,  and  salicin  give 
excellent  results.  Plain  slides  with  drops  of  the  solution  put 
on  may  be  used,  but  the  prepared  slides  are  more  satisfactory. 
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A  TEST  OF  GAS  BUENEBS. 

By  H.  W.  Harmon, 
Grove  City  College, 

The  apparatus  shown  in  the  cut  was  designed  and  the  experi- 
ment was  planned  especially  in  the  interests  of  the  girl  members 
of  our  physics  laboratory  sections.  The  cut  shows  the  apparatus 
with  several  burners  in  operation.  The  gas  enters  and  passes 
through  thie  Thoip  gage  or  gas  meter  (M),  which  is  direct  read- 
ing.   The  apparatus  has  a  base  15x70  cms.,  and  stands  40  cms. 


high.  It  is  made  of  three  eighth  inch  gas  pipe.  Other  burners  are 
easily  exchanged  for  those  shown. 

The  burners  are  turned  on  separately  and  are  regulated  so 
that  the  quantity  of  gas  flowing  through  them  is  measured  by 
the  meter  as  the  burner  is  turned  as  high  as  it  would  ordinarily 
be  used,  and  when  as  low  as  it  would  bum.  The  cost  is  then 
calculated  from  the  results  obtained.  A  scrutiny  of  the  results 
is  interesting :  the  advantage  of  the  inverted  mantle  over  the  up- 
right form  is  noticeable  in  the  cost,  59  cts.,  compared  with  83  cts. 
per  month.  The  lava-tip  burner  uses  about  twice  the  amount  of 
gas  and  yet  gives  only  about  one-fifth  the  amount  of  light  that 
the  mantle  burner  does.  The  hot-plate  and  hot-water  heater 
burners  use  about  the  same  amount  of  gas  and  cost  $1.89  per 
month  to  run  at  full  flame.    The  gas  stove  about  one  half  more. 

Various  questions  might  be  asked :  Would  it  be  cheaper  to  dim 
a  mantle  burner  during  the  day  rather  than  turn  it  out,  with  the 
danger  of  breaking  the  mantle  plus  the  cost  of  the  match  ?    What 
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would  it  cost  for  gas  to  cook  a  dinner  using  three  hot-plate  burn- 
ers for  three  hours?    Etc. 

This  is  a  popular  experiment  with  our  students,  boys  as  well 
as  girls : 


1 

Bwicr 

Hdfflit  tf 
Plane 

Gu  Bmed 
pet  Hoar 

C«st  per  Dow 
®  25  cti.  per 
l,ONca.ft. 

Cett 
per  Day 

Cast  per 
Moaffe 

1 

Lava  Tip 
or  Fish  Tail 

High 

5.0  CU.    ft. 

.125  cents 

3.00  cents 

$.90 

2 

Low 

1.0      *• 

.025     " 

.60    •* 

.18 

3 

Inverted 

Welibach 

Mantle 

High 

3.25       " 

.081     •• 

1.95     •* 

.59 

4 

Low 

1.75      '' 

.045     ** 

1.08     " 

.32 

5 

Upright 
Mantl« 

High 

4.50       •* 

.113     " 

2.72     ** 

.83 

6 

Low 

1.50       •' 

.038     •• 

.92     ** 

.28 

7 

Bunsen 
Burner 

High 

6.50      " 

.163     *• 

3.92     •• 

1.18 

8 

Low 

1.50      ** 

.038    ** 

.92     ** 

.28 

9 

Hot  Water 
Boiler 

High 

10.50       •• 

.263     " 

6.30     ** 

1.89 

10 

Low 

2.00      '• 

.050    ** 

1.20     '* 

.36 

11 

Hot 
Plate 

High 

10.50       •* 

.263     •* 

6.30     ** 

1.89 

12 

Low 

2.00      *• 

.050     '* 

1.20     •* 

.36 

13 

Gas  Stove 
12  Tips 

High 

15.00       " 

.375     *• 

9.00     ** 

2.70 

14 

Low 

5.00       '* 

.125     •• 

3.00     ** 

.90 

THE  PABT  OF  ASPHALT  IN  GOOD  ROAD-MAEINa. 

In  the  original  Bible  the  same  word  is  used  for  salt  and  for  oil  or 
asphalt — ^because  both  came  from  springs,  and  both  are  obtained  from  the 
Dead  Sea,  and  when  asphaltic  oil  is  substituted  for  salt  in  the  well- 
known  quotation,  "If  the  salt  (oil)  have  lost  his  savor  (volatile  portion) 
wherewith  shall  it  be  salted?  it  is  thenceforth  good  for  nothing  (asphalt) 
but  to  be  cast  out  and  to  be  trodden  under  foot  of  men."  This  sounds 
prophetic  in  view  of  the  thousands  of  miles  of  asphalt  pavements  in 
modern  cities.  Far  more  important,  however,  is  the  use,  now  in  its  in- 
fancy but  rapidly  increasing,  of  asphaltic  oils  for  sprinkling  over  macadam 
roads  to  prevent  dust  and  obviate  the  damage  done  by  rapidly  moving 
automobiles  in  tearing  out  the  surface.  The  Secretary  of  Agriculture,  in 
his  address  to  the  lirst  National  Good  Roads  Congress,  mentioned  this 
treatment  as  solving  the  important  problem  of  rapid  automobiling  over 
macadam  roads. 

Four  kinds  of  asphaltic  oils  are  now  prepared  for  this  special  purpose 
by  taking  the  volatile  matter  out  of  Texas  oils  and  other  similar  asphaltic 
oils,  until  the  residue  contains  30  to  60  per  cent  of  asphalt,  the  product 
according  with  the  requirements. 
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VISUALIZINa  OSCILLATIONS  BT  MEANS  OF  A  USEFUL  AND 
INTERESTING  LECTURE  TABLE  APPARATUS. 

By  Charles  F.  Bowen, 
Manchester,  N,  H. 

Many  teachers  of  physics  experience  considerable  difficulty 
in  explaining  and  proving  the  oscillatory  character  of  the  cjis- 
ruptive  discharge  of  an  electric  condenser.  While  it  is  pos- 
sible to  deduce  the  interval  T  =  2w]/LC  ^^  such  a  manner 
that  the  train  of  reasoning  can  be  followed  easily  by  an  ordin- 
ary high  school  pupil,  or,  by  agency  of  the  Faraday  tubes  of 
electrostatic  induction  give  a  fairly  concrete  conception  of 
the  precise  mechanical  disturbance  that  occurs — these  are, 
nevertheless,  unsatisfactory  methods.  The  mind  of  the  aver- 
age student  is  not  sufficiently  mathematical  to  subsist  on 
these  abstract  sketches;  he  requires  an  experimental  proof. 

Unfortunately,  a  demonstration  sufficiently  simple  for  the 
lecture  table  and  yet  conclusive  in  its  evidence,  has  not  been 
at  hand.  Professor  Q.  Majorana,  in  connection  with  his  ex- 
periments with  very  rapid  sparking,  devised  an  interesting 
method  of  separating  the  sparks.  Two  gaps  were  arranged 
in  parallel,  with  electrodes  arranged  so  as  to  take  advantage 
of  the  superior  facility  with  which  a  discharge  begins  at  a 
point.  But,  beautiful  and  instructive  as  this  method  is  for 
currents  of  comparatively  low  frequency,  when  the  periodicity 
becomes  excessively  high  it  cannot  easily  be  applied. 

Professor  Henry's  method  of  observation,  in  1842,  of  the 
anomalous  magnetization  of  a  steel  needle  when  placed  within 
a  solenoid  through  which  a  condenser  discharge  is  passing 
has  sometimes  been  employed,  but  this  experiment  requires 
the  insight  of  a  Henry  and  a  gifted  imagination  in  order  to 
be  able  to  discern  the  true  state  of  affairs.  Fedderson,  in 
1857,  arranged  to  view  the  discharge  by  agency  of  rapidly- 
revolving  mirrors,  but  this  method  has  practical  objections, 
and,  for  another  matter,  is  not  always  intelligible  to  the  stu- 
dent. Nor  can  methods  based  upon  photography  be  employed 
on  account  of  the  necessity  for  deferring  the  evidence  until 
the  film  or  plate  can  be  developed  and  also  on  account  of 
the  mechanical  complication  involved.  The  average  science 
teacher  has  no  time  to  arrange  a  mass  of  apparatus  for  his 
lectures,  so  that  a  simple  piece  of  apparatus  is  a  great  desid- 
eratum. 
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The  writer,  in  particular,  has  felt  the  need  of  such  a  piece 
of  apparatus.  The  bulk  of  his  work  has  been  in  connection 
with  currents  of  high  frequency  and  high  potential,  so  that 
mechanical  models  and  visual  demonstrations  of  one  kind  and 
another  became  an  absolute  necessity.  A  variety  of  diflferent 
devices  were  worked  up  for  the  purpose  of  making  visible 
the  surging  discharge  of  a  condenser;  some  of  them  having 
been  described  in  various  technical  journals.  But  the  little 
device  illustrated  and  described  herewith  has  given  the  most 
satisfactory  results. 

The  method  is  based  on  the  well-known  faculty  of  the  blast- 
pipe  to  separate  successive  electric  sparks,  so  beautifully 
treated  by  Dr.  Hemsalech.  It  has  been  used  by  the  author 
for  the  past  two  years  and  has  proved  of  the  utmost  utility. 
With  the  hope  that  other  science  teachers  may  find  time  to 
build  such  a  deflagrator,  some  details  in  regard  to  construc- 
tion will  be  given. 


CT 


:>  <: 


13 


The  device  proper  consists 
of  a  strong  frame  as  shown, 
with  a  }i  inch  hole  in  the 
i  crossbar  to  admit  the  curved 
blast  pipe.  Through  each  of 
the  posts,  about  half  way  up, 
is  pierced  a  3-16  inch  hole  ac- 
commodating a  tightly-fitting 
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glass  tube  through  which  runs  brass  rod,  threaded  at  both 
ends.  One  end  of  this  is  screwed  into  a  wedge-shaped  copper 
electrode  of  the  form  shown.  On  the  other  end  of  the  rod  are 
screwed  two  nuts  which  served  as  binding  posts.  Copper 
washers  should  be  fitted  between  these. 

On  top  of  each  of  the  electrodes  is  a  small  brass  plate  which 
is  so  arranged  that  it  may  be  tightly  pressed  against  the  top 
of  the  electrode.  The  whole  system  is  lined  up  so  that  the 
rods  are  in  a  straight  line  and  the  wedges  directly  opposed 
and  at  the  same  height.  Small  pieces  of  platinum  wire  such 
as  may  be  procured  from  a  burned-out  incandescent  electric 
lamp,  are  clamped  under  the  brass  plates  on  top  of  the  elec- 
trodes, in  such  a  manner  that  they  project  slightly  beyond 
the  wedge-edge.  The  blast  pipe  should  be  positioned  about 
five  or  six  millimeters  above  the  line  connecting  the  platinum 
wires,  depending  upon  the  size  of  the  orifice,  which  will  be 
found  to  be  best  at  about  two  and  one-half  or  three  milli- 
meters. The  angle  of  inclination  of  the  wedge-edges  is  an 
empirical  matter.  All  these  things — the  length  of  the  gap, 
the  strength  of  the  blast,  the  height  of  the  orifice  above  the 
gap,  etc.,  can  be  readily  adjusted,  depending  as  they  do  upon 
local  conditions.  A  curved  brass  shield  as  shown  may  be 
placed  upon  the  base  block  to  deflect  the  blast  and  thereby 
save  the  eyes  of  the  operator  from  dust  and  metallic  particles, 
and  the  wires  from  the  ends  of  the  rods  may  be  led  to  regu- 
lation binding  posts  on  the  base. 

This  peculiar  gap  is  then  connected  in  series  with  a  suitable 
condenser  and  inertia  coil.  The  condenser  may  be  one  or  two 
microfarads,  if  a  good-sized  laboratory  induction  coil  be  used 
to  charge  it,  and  it  should  be  a  glass  or  oil  condenser.  The 
capacity  for  a  regular  plate  condenser  can  readily  be  com- 

puted  from  the  well-known  formula  C  = rrrr ,  where  K 

is  the  inductivity  of  the  dielectric  between  the  plates,  a  the 
area  in  square  inches  of  all  the  "sheets'*  of  dielectric  between 
the  metal  plates  and  d  the  thickness  in  inches  of  the  dielectric 
leaves.  The  inductance  coil  should  be  wound  upon  a  fiber 
tube  or  upon  a  wooden  frame  and  should  be  of  such  value 
as  to  make  the  oscillations  have  a  frequency  of  about  25,000 
or  30,000.  By  means  of  a  sliding  clip  the  inductance  and 
hence  the  frequency  may  be  varied.  This  coil  should  be  so 
made  as  to  permit  of  the  use  of  cores  of  various  materials. 
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The  writer  finds  it  convenient  to  make  use  of  a  half-kilowatt 
loosely-coupled  resonance  transformer  and  thereby  not  only 
gains  the  advantage  of  a  great  many  discharges  per  second 
but  also  the  greater  power  and  the  exalting  effect  of  the  res- 
onance arrangement.  An  ordinary  ten-inch  induction  coil 
will,  however,  give  marked  effects. 

If  now  a  source  of  air  pressure  of  sixty  to  eighty  pounds  be 
connected  to  the  blast  pipe  and  the  transformer  or  inducto- 
rium  started — upon  properly  adjusting  the  pipe,  the  blast  and 
the  electrodes,  the  discharge  will  spread  out  down  along  the 
gap  and  one  can  count  as  many  as  ten  or  a  dozen  distinct 
oscillations.  The  effect  is  due,  of  course,  to  the  movement 
of  the  bridge  of  ionized  air  formed  by  the  passage  of  the 
initial  spark.  Usually  but  five  or  six  bands  will  appear  per- 
fectly motionless  and  plain,  the  others  being  irregular  and 
variable.  Arrangements  may  be  made  to  view  the  phenom- 
enon by  means  of  a  magnifying  glass  or  by  taking  a  little 
time  the  display  may  be  projected  upon  a  screen  for  the  bene- 
fit of  an  entire  audience. 

All  the  interesting  experiments  described  by  Dr.  Hemsalech 
may  now  be  tried.  The  eflfect  upon  the  bands  of  the  intro- 
duction of  various  cores  is  a  simple  one.  If  a  thin  tube  of 
iron  be  introduced  into  the  inductance  coil,  it  will  be  found 
to  destroy  nearly  all  the  oscillations,  without  very  much  af- 
fecting the  frequency,  an  effect  due  to  the  Foucault  currents 
and  the  hysteresis  of  the  iron.  If  instead  of  a  continuous 
tube  a  bundle  of  iron  wires,  insulated  one  from  the  other,  be 
used,  the  frequency  will  be  diminished  but  the  intensity  will 
remain  unchanged,  this  being  an  effect  due  solely  to  hysteresis. 

If  a  zinc  tube  be  used,  the  frequency  will  increase,  owing 
to  lessening  of  the  self-induction  of  the  coil  (another  effect 
of  the  Foucault  currents),  though  the  intensity  is  not  changed. 
If  the  zinc  tube  be  split,  the  Foucault  currents  will  be  sup- 
pressed. If  a  split  iron  tube  be  used,  the  oscillations  will  be 
greatly  reduced  in  intensity  and  the  frequency  will  be  some- 
what reduced.  If,  while  this  condition  prevails,  the  zinc  tube 
be  slipped  on  over  the  iron  tube,  the  oscillations  are  at  once 
strengthened  and  their  frequency  considerably  increased,  due 
to  the  presence  of  Foucault  currents.  This  is  a  striking 
demonstration  of  the  phenomenon  of  the  "skin  effect." 

Many  other  interesting  and  instructive  experiments  can  be 
worked  up  by  the  teacher,  such  as  the  determination  of  the 
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approximate  velocity  of  the  particles  of  nitrogen  which  carry 
the  electric  current,  by  observation  of  the  angle  which  the 
direction  of  the  oscillations  makes  with  that  of  the  blast. 
Hemsalech  used  frequencies  of  27,400  per  second  and  found 
this  velocity  to  be  about  29  meters  per  second.  It  diminished 
as  the  capacity  of  the  condenser  increases  and  is  directly 
proportional  to  the  frequency  of  the  oscillations.  Hemsalech 
used  a  blast  velocity  of  36  meters;  the  author  has  been  very 
successful  with  one  slightly  greater. 

An  interesting  fact  in  this  connection  is  that  the  velocity 
of  the  oscillations  is  less  than  that  of  the  initial  discharge 
for  the  latter  is  a  straight  line  between  the  platinum  wires, 
while  the  others  are  curved  paths.  Upon  spectroscopic  ex- 
amination it  is  found  that  the  initial  discharge  gives  the 
"line"  spectrum  of  air  while  the  oscillations  give  the  "band" 
spectrum  of  nitrogen.  With  the  electrodes  used,  the  metallic 
vapor  appeared  to  play  no  part  in  the  conduction  of  the  cur- 
rent. 

If  it  is  not  convenient  to  use  air  under  pressure,  either 
from  a  pump  or  a  foot  bellows  and  tank,  carbon  dioxide  gas 
may  be  used.  This  may  be  procured  in  tubes  to  pressures 
as  high  as  5,000  pounds  per  square  inch.  If  used  at  such 
pressures  it  will  be  very  "wet,"  and  it  will  be  found  best  to 
let  some  of  it  out  into  another  tank  at  about  a  hundred  and 
eighty  or  two  hundred  pounds  and  use  this  instead  of  the 
greater  pressure.  The  tube  of  carbonic  acid  gas  will  be  found 
convenient  in  classes  in  heat  and  chemistry.  One  may  pro- 
duce carbon  dioxide  snow  and  by  use  of  ether  freeze  mercury 
in  a  test  tube. 

The  possessor  of  a  device  of  the  kind  described  in  this 
article  will  find  it  of  great  value.  With  the  present  wholesale 
introduction  of  high  frequency  currents  in  radio-telegraphy 
and  radio-telephony  and  in  medical  work,  more  time  must 
needs  be  given  the  discussion  and  illucidation  of  rapid  electric 
oscillations.  In  connection  with  a  small  wireless  outfit,  and 
a  singing  arc,  all  of  which  could  be  constructed  by  an  in- 
genious teacher  for  a  few  dollars  or  purchased  in  the  market 
for  scarcely  more  than  $5,  this  blast-gap  forms  a  set  of  lecture 
table  apparatus  which  can  be  used  to  explain  and  exhibit  all 
the  later  developments  in  high  frequency  work  and  in  the 
various  methods  of  communicating  signals  and  audible  speech 
without  the  use  of  wires. 
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THE  FUKOTIOK  OF  CHEMISTRY  IN  THE  MODERN  HIOH 

SCHOOL.' 

By  W.  J.  Bray, 
Normal  School,  Kirksville,  Mo, 

The  more  familiar  one  becomes  with  the  manner  in  which 
chemistry  is  taught  in  the  average  high  school,  the  more  one  is 
impressed  with  the  idea  that  there  is  not  a  prq>er  appreciation  of 
the  real  function  of  elementary  chemistry  on  the  part  of  those 
who  are  teaching  the  subject.  If  I  can  stimulate  some  new  in- 
terest and  thought  along  this  line  that  will  lead  to  more  rational 
teaching  of  this  subject  in  secondary  schools,  I  shall  be  gratified, 
indeed.  Too  often  this  subject  is  not  taught  from  the  standpoint 
of  the  pupil  at  all.  His  needs  appear  not  to  be  taken  into  any 
serious  consideration  in  outlining  the  content  of  the  course.  If 
we  can  teach  our  pupils,  I  am  inclined  to  think  the  subject- 
matter  will  take  care  of  itself.  Too  often  we  teach  the  subject, 
merely,  losing  sight  of  the  real  function  of  the  subject-matter 
in  the  life  of  the  pupils.  Chemistry  must  be  a  real  live  subject 
in  the  curriculum,  filling  a  real  need,  or  else  give  way  to  some 
subject  that  does  meet  these  requirements.  One  of  the  most  im- 
portant facts  of  modern  times  is  what  has  been  called  the 
marriage  of  science  and  industry,  and  yet,  we  find  chemistry 
teachers  who  apparently  have  never  heard  of  this  fact.  They 
teach  the  subject  very  much  the  same  as  it  was  taught  long  be- 
fore this  "marriage"  took  place.  I  believe  that  chemistry  has  no 
place  in  the  curriculum  of  the  average  high  school,  unless  it  be 
planned  and  taught  as  a  practical  subject,  having  a  very  vital 
relation  to  everyday  life,  and  to  other  sciences. 

Although  chemistry,  strictly  speaking,  is  by  no  means  the  old- 
est science,  it  has  certain  elements  in  it  which  serve  as  the  ex- 
planatory connecting  links  between  physics,  physiography,  biol- 
ogy,  agriculture,  and  domestic  science.  The  teacher  who  fails  to 
take  this  fact  into  account  in  his  teaching  of  chemistry  is  losing 
his  best  opportunity  to  make  his  course  count  for  the  most  in  the 
lives  of  his  pupils.  It  is  far  from  my  purpose  to  detract  from 
chemistry  as  an  independent  science.  On  the  contrary,  that 
science  is  most  truly  worth  while  which  forms  the  greatest  num- 
ber of  contacts  with  our  daily  life,  and  aids  most  in  the  solution 
of  the  problems  of  life. 


iRead  before  Uie  Science  Section  of  the  ICiMouri  Society  of  Science  and  Mathematics 
Teachers  November  9, 1911. 
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The  chemistry  in  the  high  school  is  called  upon  to  meet  a 
variety  of  conditions  and  needs.  Scarcely  five  per  cent  of  our 
high  school  pupils  enter  college  or  university,  some  become  teach- 
ers, but  a  great  majority  of  them  will  go  into  affairs  of  business 
or  professional  life.  To  this  last  cl^ss  formal  chemistry  cannot 
be  of  much  use  except  as  it  enables  one  to  reason  more  clearly 
about  the  causes  of  physical  phenomena,  and  to  form  the  habit  of 
getting  at  the  bottom  of  things  in  a  systematic  way.  The  course 
should  be  planned  with  the  needs  of  the  majority  distinctly  in 
view.  If  it  be  necessary — which  I  seriously  doubt — for  any  class 
to  be  left  out  of  primary  consideration  in  the  outlining  of  a 
course  in  elementary  chemistry,  let  it  be  those  pupils  who  will 
have  the  opportunity  to  make  up  any  deficiency  which  might  have 
been  caused  thereby,  in  their  college  course.  We  too  often  seem 
to  ask  ourselves,  will  this  course  properly  prepare  my  pupils  for 
college,  when  the  question  should  be,  will  this  course  do  all  that 
it  might  do  to  prepare  my  pupils  for  life?  I  think  I  am  not 
lacking  in  appreciation  of  the  more  theoretical  side  of  chemical 
instruction,  but  so  many  teachers  do  not  strike  the  proper  balance 
between  the  theoretical  and  the  practical.  The  teacher,  absorbed 
in  the  intrinsic  interest  of  the  subject  itself,  fails  to  appreciate 
his  pupils'  point  of  view.  For  the  pupil  the  subject  has  value 
and  interest  in  so  far  as  it  aids  him  in  the  solution  of  the  prob- 
lems that  he  meets  in  his  daily  Ufe,  and  in  the  understanding  of 
the  civilization  in  which  he  lives.  Out  of  the  vast  mass  of  sub-, 
ject-matter  which  might  be  included  in  a  course  elementary 
chemistry,  we  must  select  those  laws  and  theories  which  funda- 
mentally underlie  the  subject,  and,  preceding  them  by  experi- 
mental data,  assist  the  pupils  to  master  them  at  such  time  as 
they  are  best  prepared  to  take  up  such  laws  and  theories  with- 
out confusion.  Whenever  we  have  the  choice  between  some  non- 
essential theoretical  matter  and  those  things  which  pertain  to  the 
practical  application  of  the  science  to  the  problems  of  everyday 
life,  I  see  no  reason  why  we  should  hesitate  to  choose  the  latter. 
I  should  have  the  pupils  well  grounded  in  the  fundamentals  of 
the  science,  but  it  seems  to  me  that  many  teachers  "go  to  seed'* 
on  theoretical  chemistry  in  the  high  school.  It  is  possible  that 
the  college  professor  might  prefer  to  have  his  pupils  coming  from 
high  school  thoroughly  versed  in  the  Phase  Rule,  the  Law  of 
Mass  Action,  radioactivity,  the  electron  theory,  and  the  like,  but 
should  we  not  consider  the  vast  majority  of  our  pupils  for  whom 
such  things  can  never  be  more  than  a  bugbear  soon  to  be  for- 
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gotten,  if,  in  fact,  they  are  ever  learned.  Should  we  not  re- 
member that  probably  ninety-five  per  cent  of  our  pupils  will  never 
have  another  opportunity  to  learn  the  relation  of  the  science  of 
chemistry  to  the  things  he  will  have  to  do  with  in  after-life? 

If  we  are  to  accomplish  the  greatest  good,  we  should  care- 
fully avoid  either  of  the  extremes.  It  is  of  the  greatest  impor- 
tance that  the  pupils  be  made  as  thoroughly  familiar  as  possible 
with  the  elements  of  the  science.  We  should  not,  however, 
neglect  the  application  of  these  facts  along  the  line  of  greatest 
benefit  to  the  greatest  number  of  pupils.  We  must  make  the 
course  meet  the  needs  and  interests  of  the  class.  Too  often  our 
courses  are  cut  and  dried  affairs  with  no  elasticity  to  meet  the 
varying  needs  and  interests  of  the  various  classes  of  pupils. 
Girls  are  forced  to  plod  over  the  same  things  that  boys  delight 
in.  Courses  are  not  varied  to  meet  the  needs  of  the  community. 
The  course  in  a  rural  high  is  often  identical  with  that  of  the  city 
school.  No  teacher  ought  to  feel  himself  bound  by  any  text- 
book to  adhere  rigidly  to  any  particular  line.  The  teacher  who  is 
properly  equipped  for  his  work  will  always  make  the  course  fit 
the  needs  and  conditions  of  his  class.  The  real  trouble  in  this 
respect  is  that  often  the  teacher's  preparation  to  teach  the  sub- 
ject has  been  so  inadequate  that  he  cannot  make  himself  inde- 
pendent of  his  text-book.  Text-books  are  written  along  general 
lines  to  meet  a  multitude  of  varying  conditions.  The  skillful 
teacher  will  teach  the  subject  and  not  the  text — ^and  I  am  not 
intending  to  cast  any  reflection  upon  any  text-book  writers  in 
saying  this.  It  is  gratifying,  however,  to  notice  the  growing  ten- 
dency on  the  part  of  authors  to  maintain  a  proper  balance  be- 
tween the  theoretical  and  the  practical  phases  of  chemistry  by  in- 
creasing the  stress  on  the  latter  in  elementary  work. 

There  are  various  means  which  the  teacher  can  use  to  assist 
in  bringing  chemistry  to  assume  its  proper  place  in  the  high 
school.  A  brief  discussion  of  a  few  of  these  may  not  be  out  of 
place  here. 

One  of  the  best  means  of  bringing  the  class  into  a  vital  touch 
with  the  applications  of  chemistry  in  everyday  life  is  the  stere- 
opticon.  Every  high  school  should  be  equipped  with  a  good  in- 
strument of  this  kind,  and  a  good  collection  of  slides  on  manu- 
facturing and  mining  processes,  men  of  science  and  industry, 
metallurgy,  etc.  One  should  find  this  plan  to  give  the  class  a 
rapidly  increasing  interest  in  the  subject,  because  it  gives  them 
something  that  connects  the  pure  science  with  what  has  already 
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become  a  part  of  their  conscious  experience  and  in  which  they 
have  already  an  active  interest. 

In  connection  with  the  study  of  nitrogen,  phosphorus,  or  po- 
tassium, those  who  are  interested  in  agriculture  might  profitably 
be  shown  how  to  make  some  simple  soil  tests  for  these  elements 
which  are  so  essential  to  plant  life.  From  that  they  could  be 
permitted  to  go  into  a  brief  study  of  fertilizers  in  general  from 
the  standpoint  of  chemistry.  The  great  nitrogen  problem  should 
be  studied  in  some  detail,  and  its  final  solution  by  the  fixation 
of  atmospheric  nitrogen  in  the  form  of  calcium  cyanamide  pointed 
out.  They  should  study  about  the  great  phosphate  deposits  of 
Florida  and  elsewhere,  and  how  those  phosphates  are  handled  and 
made  into  fertilizer.  It  might  not  be  out  of  place  to  call  the  at- 
tention of  the  class  to  the  fact  *hat  a  very  large  per  cent  of  this 
fertilizer  in  the  form  of  calcium  phosphate  mined  in  the  United 
States  is  shipped  directly  to  Europe,  where  it  is  made  into  the 
soluble  superphosphate  of  lime  and  shipped  back  again  for  us  to 
use.  I  am  inclined  to  think  that  a  little  education  along  this 
line  might  be  a  good  thing  for  our  country. 

The  teacher  should  make  a  special  study  of  the  manufacture  of 
matches.  He  should  point  out  the  terrible  diseases  to  which  the 
employees  in  factories  making  the  phosphorus  match  are  con- 
stantly exposed.  He  should  point  out  that,  in  spite  of  our  boasted 
civilization,  the  United  States  is  the  last  of  the  great  civilized 
nations  of  the  world  to  outlaw  the  poisonous  phosphorus  match. 
The  teacher  can  be  a  powerful  factor  in  bringing  about  this 
much-needed  reform,  by  educating  the  coming  generation  to  the 
proper  uses  of  this  element. 

No  teacher  of  chemistry  can  afford  to  pass  over  the  chapter  on 
water  without  devoting  considerable  time  to  the  practical  prob- 
lems of  water  purification  and  sanitation  in  general.  The  pupils 
will  be  delighted  to  learn  how  to  test  for  those  substances  which 
make  water  unsuitable  for  use.  They  should  learn  how  hardness 
of  water  and  alkalinity  of  water  eflFect  railroads  and  other  in- 
dustries using  steam  engines,  and  how  their  problems  are  solved 
by  chemistry. 

Time  should  be  taken  to  study  foods  in  a  general  elementary 
way.  Professor  Olsen's  new  book  on  "Pure  Foods"  should  be 
in  the  hands  of  every  teacher  of  chemistry,  and  in  every  high 
school  library.  Following  some  such  work  as  that  above  named,  a 
class  could  very  profitably  spend  some  time  in  making  some 
simple  tests  of  foods  for  their  purity,  and  in  studying  the  great 
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probkm  of  pure  foods.  The  teacher  should  see  to  it  that  die 
name  of  Dr.  Harvey  W.  Wiley  is  a  household  word  in  this 
country,  standing  out  as  the  champion  of  the  people  in  the  fight 
against  impure  and  adulterated  foods.  These  things  are  cer- 
tainly of  greater  benefit  to  the  pupils  than  a  study  of  some  of  the 
laws  and  theories  more  remotely  connected  with  elementary  chem- 
istry or  with  everyday  life.  This  work  should  appeal  especially 
to  the  girls,  and  if  they  should  happen  not  to  have  the  opportu- 
nity to  take  a  course  in  domestic  science,  I  think  I  should  per- 
mit them  to  spend  extra  time  on  this  topic  even  at  the  expense  of 
some  other  work  that  the  boys  might  be  required  to  do.  Whether 
domestic  science  is  in  the  course  of  study  or  not  this  phase  of 
the  course  cannot  properly  be  neglected  in  this  connection.  Every 
pupil  in  elementary  chemistry  should  know  the  common  means  of 
adulterating  foods,  and  how  to  recognize  such  adulterants.  They 
should  know  something  of  the  conditions  under  which  the  most 
dangerous  ptomains  and  proteid  toxins  are  formed,  and  how  they 
may  best  be  avoided. 

In  this  connection  it  would  be  profitable  to  study  the  chemistry 
involved  in  some  of  the  simple  processes  of  cookery,  such  as 
the  cooking  of  meats,  the  baking  of  bread,  etc.  The  teacher 
might  profitably  lead  the  class  in  tracing  the  chemical  history 
of  bread,  the  transformation  of  starch  into  dextrine  and  into 
glucose,  the  manufacture  of  alcohol  from  grain,  etc. 

The  teacher  of  chemistry  has  an  opportunity  to  exert  an  influ- 
ence along  the  line  of  conservation  of  resources  and  utilization 
of  waste  products  that  is  by  no  means  negligible.  The  class 
would  be  interested  to  know  how  chips,  brush,  sawdust,  and  other 
waste  wood  may  be  made  into  alcohol.  Few  of  them  have  ever 
dreamed  that  even  cornstalks,  weeds,  and  such  things  may  be 
made  into  alcohol,  not  for  beverage  purposes,  but  as  denatured 
alcohol,  tax-free,  to  be  used  in  a  variety  of  ways  in  the  industries 
and  arts.  It  is  rapidly  taking  the  place  of  wood  alcohol  in  all 
manufacturing  plants,  because  it  is  cheap,  and  because  the  latter 
has  a  very  marked  tendency  to  cause  a  permanent  blindness  in 
the  employees  using  it  every  day.  They  will  delight  to  read  in 
Duncan's  "Commercial  Qiemistry*'  the  chapter  on  industrial  al- 
cohol and  its  wonderful  possibilities.  They  will  be  interested  to 
know  that,  according  to  present  indications,  industrial  alcohol  is 
destined  to  displace  gasoline  in  practically  all  of  its  important 
commercial  uses.     The  time  is  not  far  distant  when  the  fanner 
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can  make  his  own  alcohol,  tax-free,  with  which  to  run  his  en- 
gines, automobiles,  etc.,  much  cheaper  than  he  can  buy  gasoline 
now. 

Chemistry  may  be  correlated  with  physiology  in  an  elementary 
way  by  studying  something  of  the  chemistry  involved  in  such 
physiological  processes  as  digestion.  This  can  be  easily  adapted 
to  an  elementary  class,  and  can  be  made  both  interesting  and  in- 
structive. 

A  few  simple  experiments  on  dyeing  may  be  advantageously  in- 
troduced. Such  experiments  are  easily  performed,  take  very  little 
time,  and  help  to  drive  home  a  very  important  application  of 
chemistry. 

Without  any  expensive  apparatus,  some  simple  assays  of  ores 
can  be  made  illustrating  important  metallurgical  processes  in  such 
a  way  as  to  carry  an  added  interest  into  the  work. 

It  is  good  for  a  pupil  beginning  chemistry  to  feel  that  he  is 
on  terra  firma  most  of  the  time  at  least.  Such  results  can  be 
obtained  only  when  we  bring  him  up  to  the  subject  by  bringing 
the  subject  down  to  him  in  as  many  ways  and  in  as  many  places 
as  possible  not  to  lose  sight  of  our  general  upward  direction. 

One  of  the  surest  ways  of  getting  a  pupil  to  get  the  full  bene- 
fit of  a  course  is  to  arouse  in  him  an  active  interest  in  the  sub- 
ject, and,  conversely,  one  of  the  surest  ways  of  killing  a  subject, 
so  far  as  its  usefulness  is  concerned,  is  to  allow  it  to  become  so 
technical  as  to  become  uninteresting  to  the  class.  Any  device 
which  the  teacher  can  use,  without  sacrificing  some  important 
fundamental  principle,  to  add  interest  and  show  the  subject- 
matter  to  bear  a  vital  relation  to  the  problems  of  life  will  help  to 
bring  chemistry  to  perform  its  proper  function  in  the  high  school. 
If,  in  attempting  to  follow  some  such  scheme  as  I  have  outlined, 
it  is  found  necessary  to  eliminate  some  matter  of  less  consequence, 
I  should  say  cut  out  the  thing  of  lesser  consequence,  but  be  ju- 
dicious in  doing  so.  Such  a  plan  as  this  will  not  necessitate  the 
purchase  of  expensive  apparatus,  but  will  necessitate  the  teacher's 
being  prepared  for  the  work.  In  addition  to  college  courses  in 
the  subject,  he  should  have  some  good  reference  works  at  his 
command.  Such  books  as  Thorpe's  "Industrial  Chemistry,"  Dun- 
can's "Commercial  Chemistry,"  Olsen's  "Pure  Foods,"  Snyder's 
"Chemistry  of  Plant  and  Animal  Life,"  "Williams'  "The  Chemis- 
try of  Cookery,"  Johnston's  "The  Chemistry  of  Common  Life," 
and  as  many  good  texts  on  the  subject  as  he  can  get,  are  good. 
With  such  an  equipment  as  this  a  high  school  course  in  chemistry 
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can  be  made  to  become  one  of  the  most,  if,  in  fact,  not  the  most, 
useful  science  in  the  entire  curriculum.  I  would  have  chemistry 
always  to  be  taught  as  being  useful  rather  than  ornamental.  Its 
true  function  must  be  found,  it  seems  to  me,  only  in  its  presenta- 
tion from  a  utilitarian  standpoint.  If,  as  under  ideal  conditions, 
it  is  possible  for  chemistry  to  follow  physics,  biol(^y,  and  agri- 
culture, and  either  follow  or  accompany  domestic  science,  so 
much  the  better  for  the  pupil.  This  course  should  serve,  in  a 
way,  to  unify  them  all.  If  not  the  course  in  chemistry  can  be  so 
given  as  to  throw  light  and  information  upon  these  other  sub- 
jects even  if  chemistry  should  be  the  only  science  elected,  provided 
the  pupil  does  not  elect  this  course  below  his  junior  year.  In 
this  way,  and  in  this  way  only,  I  believe,  can  chemistry  do  its 
most  to  equip  our  pupils  for  the  battles  of  life. 


SULPHUR  MINED  B7  PUMPING. 

Seven  or  eight  years  ago  the  imports  of  Sicilian  sulphur  amounted  to 
more  than  100,000  long  tons.  With  the  growth  of  the  sulphur  industry 
in  Louisiana,  according  to  the  United  States  Geological  Survey,  the  im- 
ports of  Sicilian  sulphur  in  the  United  States  have  become  almost  a 
negligible  quantity,  the  entire  imports  from  Italy  for  1910  being  but  10.704 
tons.  The  production  of  sulphur  in  the  United  States  for  1910  was  255,534 
tons,  valued  at  $4,605,112,  the  great  bulk  of  which  came  from  Louisiana. 

The  mining  of  sulphur  in  Louisiana  is  an  interesting  process.  The 
sulphur  deposit,  situated  near  Lake  Charles,  lies  about  440  feet  beneath 
the  surface  and  is  about  100  feet  thick.  Beds  of  quicksand  overlying  the 
sulphur  render  the  sinking  of  shafts  impossible,  and  the  sulphur  is  there- 
fore pumped  to  the  surface.  A  well  is  driven  through  the  numerous 
strata  to  the  sulphur-impregnated  beds,  in  much  the  same  manner  as  is 
usual  in  sinking  wells  for  oil  and  gas.  In  each  well  there  are  placed  con- 
centrically four  lines  of  pipe,  having  diameters  ranging  from  10  inches 
to  1  inch.  Superheated  water  and  hot  air  are  forced  down  the  pipes  and 
the  spaces  between  them  to  melt  the  sulphur  and  to  bring  it  to  the  surface. 
The  hot  water  flows  down  between  the  two  outer  pipes,  which  are  re- 
spectively 10  inches  and  6  inches  in  diameter,  and  passes  into  the  sulphur- 
bearing  mass,  melting  the  sulphur.  The  quantity  of  sulphur  melted  and 
the  range  of  action  of  the  water  depend  on  the  temperature  of  the  water 
and  on  the  pressure  at  which  it  is  supplied.  The  heavy  melted  sulphur 
runs  back  into  the  pump  around  the  bottom  of  the  well  pipe,  which  it 
enters  through  holes  provided  for  this  purpose.  Hot  compressed  air  is 
forced  down  through  the  smallest  of  1-inch  pipe  and  at  the  bottom  of  the 
well  mixes  with  the  melted  sulphur  and  forms  an  aerated  mass  sufliciently. 
low  in  specific  gravity  to  allow  the  water  pressure  to  elevate  the  melted  sul- 
phur to  the  surface,  where  it  is  discharged  into  large  rectangular  vats, 
constructed  of  rough  planking.  The  dimensions  of  the  vats  vary  some- 
what, but  they  are  made  as  large  as  350  by  250  by  40  feet,  and  some  of 
them  are  so  arranged  that  railroad  trains  can  pass  between  them.  After 
the  sulphur  has  cooled  and  solidified,  it  is  regularly  mined  the  same  as 
If  It  were  a  natural  deposit. 
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OOMMUKAL  CHSMI8TB7.' 

By  Lewis  B.  Allyn, 
State  Normal  School,  WestHeld,  Mass. 

Ten  decades  and  more  have  passed  since  the  introduction  of 
chemistry  into  the  curriculum  of  academy  and  college. 

From  earliest  times  one  of  the  strong  arguments  in  favor  of 
the  subject  as  a  study  for  pupils  has  been  the  fact  that  it  offers 
exceptional  opportunity  for  the  investigation  of  matter  and  af- 
fords a  more  or  less  vague  kind  of  mental  training.  This  latter 
was  known  as  ''culture"  and  like  mathematics  was  supposed  to 
train  the  general  reasoning  powers  of  the  pupil.  Modern  re- 
search has  quite  disproved  the  theory  of  "culture"  and  sets  aside 
the  dogma  of  universal  reasoning  power. 

It  is  safe  to  assert  that  in  a  large  per  cent  of  chemistry  courses 
the  instructor  has  looked  for  the  results  of  his  teaching  in  the 
immediate  pupil.  We  shall  attempt  to  prove  that  this  aim  falls 
far  short  of  what  the  subject  may  be  made  to  do. 

In  the  twelfth  chapter  of  Romans  we  read  of  "reasonable  serv- 
ice." Chemistry  in  the  hands  of  a  pupil  may  be  made  to  per- 
form "reasonable  service"  outside  the  laboratory. 

We  would  not  in  any  way  seem  to  adversely  criticise  the 
worthy  pioneers  of  chemistry  teaching  nor  attempt  to  detract 
from  their  well-earned  honor.  Without  contumely  we  shall  try 
to  show  that,  however  good  chemistry  for  the  pupil  alone  may 
have  been,  chemistiy  for  the  pupil  and  the  community  is  better. 

If  the  writer  may  be  pardoned  the  reference,  his  introduction 
to  chemistry  first  in  the  high  school  and  later  in  the  college  gave 
him  a  fair  degree  of  familiarity  with  the  elements  as  then  known, 
likewise  their  combinations  and  marks  of  differentiation.  The 
analytical  work  consisted  for  the  most  part  of  the  examination  of 
the  contents  of  sundry  bottles  labeled  X,  Xi,  X2,  and  the  like. 
They  contained  material  Which  everyone  knew  had  been  con- 
cocted by  the  instructor  or  selected  from  the  laboratory  by  him. 
Pupils  to-day  call  such  samples,  "dead  stuff"  and  the  name  is 
not  inappropriate.  At  any  rate  they  had  no  living  interest  for 
the  class.  None  of  us  suspected  nor  did  the  instructor  remotely 
suggest  that  these  bases  and  radicals  which  we  were  laboriously 
isolating  were  bone  and  sinew,  part  and  parcel  of  the  community 
in  which  we  lived.    It  was  distinctly  the  chemistry  of  the  school- 
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room  and  vague  indeed  were  our  ideas  that  these  same  sulphates 
and  chlorides  and  nitrates  and  a  score  of  other  radicals  made  life 
not  only  happier  but  also  possible;  that  some  of  them  misplaced 
would  hang  out  a  danger  signal  that  must  not  be  lightly  disre- 
garded. 

Not  until  the  writer  had  been  an  instructor  of  chemistry  for 
some  years  did  it  occur  to  him  to  supplement  these  same  X's  by 
sending  the  pupils  out  into  the  town  and  home  to  find  where 
they  were  naturally  met  with  and  how  they  functioned  in  every- 
day life.  Perhaps  one  of  the  most  helpful  suggestions  of  modern 
education  is  that  which  prompts  the  teacher  to  notice  units  of 
activity  in  a  community  and  adapt  them  to  the  training  of  the 
pupil.  To  this  end  we  see  pupils  compiling  lists  from  the  adver- 
tisements of  local  mark  down  sales  to  supplement  percentage  work 
in  arithmetic ;  computing  the  cost  to  the  town  of  the  walks  and 
macadamized  streets  near  their  homes;  proof-reading  the  local 
newspapers  and  suggesting  better  expression  instead  of  taking  this 
material  from  the  stereotyped  grammar,  applied  English,  is  it  not? 
We  see  them  conducting  anti-fly  campaigns  to  supplement  and 
vitalize  the  biology  work  and  in  a  hundred  other  ways  coming 
close  to  actual  conditions  of  life.  Any  one  of  these  things  is 
a  communal  unit.  That  it  has  a  definite  bearing  upon  the  welfare 
of  society  does  not  in  the  least  detract  from  it  as  an  educational 
factor.  Any  instructor  who  is  interested  in  this  phase  of  applied 
education  can  make  chemistry  conserve  the  community  interests. 

In  order  that  this  teaching  may  be  effective  there  must  be  no 
turning  pupils  loose  upon  the  town,  no  indiscriminate  selection. 
That  a  method  may  be  fruitful,  there  must  be  systematic  investi- 
gation, but  too  often  this  investigation  is  pushed  to,  and  even 
beyond,  the  fatigue  point  by  insisting  upon  the  examination  of 
substances  which  are  apart  from  the  pupil's  experience  and  in 
which  he  3ees  nothing  except  a  school  problem. 

"Why  can't  we  examine  the  things  we  would  like  to  test  in- 
stead of  having  to  everlastingly  work  on  some  white  powder  or 
other?"  remarked  a  high  school  boy  yesterday.  I  asked  what  he 
would  like  to  examine  and  he  replied,  "Waste  from  the  gas 
works."  Further  questioning  brought  out  the  information  that 
he  had  been  reading  in  one  of  the  popular  magazines  concerning 
the  utilization  of  waste  material  and  was  enthusiastic  over  the 
chemical  possibilities  of  the  subject.  His  instructor  had  said  that 
he  did  not  want  him  "fussing  around  the  laboratory  with  any  gas 
mud."    This  perversion  of  pedagogy  needs  no  comment. 
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As  illustrative  of  two  different  methods  of  gaining  chemical 
experience  note  the  following:  Sodium  and  potassium  are  most 
easily  detected  by  the  flame  test,  which  consists  briefly  in  holding 
a  clean  platinum  wire  wet  with  the  solution  in  the  blue  flame  of 
the  Bunsen  burner.  A  yellow  coloration  indicates  sodium,  a 
lilac  tint,  potassium.  That  the  color  image  of  the  volatilized  ele- 
ments may  be  filed  for  future  reference,  it  is  customary  for  the 
instructor  to  provide  relatively  pure  salts  of  these  respective 
metals,  thus  working  from  the  known  to  the  unknown. 

Up  to  this  point  the  two  methods  are  identical,  the  digression 
begins  with  the  application  of  the  acquired  knowledge.  Two 
courses  are  open  to  the  teacher,  he  may  require  pupils  to  examine 
several  liquids  or  solids  which  the  laboratory  provides  thus  keep- 
ing chemistry  strictly  within  the  school  building  or  he  may  permit, 
note  the  difference  in  the  pupil's  attitude  caused  by  the  words  "re- 
quire" and  "permit" — he  may  permit  the  pupil  to  examine  sub- 
stances of  his  own  choice  for  the  presence  of  such  important  ele- 
ments. Here,  taken  from  a  pupil's  notebook  is  an  abridged  list 
of  substances  found  to  contain  sodium  or  potassium: 

perspiration 

ash  from  meats,  cereals,  vinegar,  and  milk 

soaps  and  washing  powders 

soils,  water  residues,  fertilizers. 
As  this  investigation  was  entirely  voluntary  on  the  part  of  the 
pupil,  sodium  and  potassium  take  a  definite  and  lasting  meaning 
not  acquired  by  the  bottle  method  of  the  laboratory. 

Their  reaction  upon  the  community  is  understood.  Of  all  in- 
structors, the  teacher  of  chemistry  is  among  the  most  fortunate 
because  of  the  abundance,  yes,  wealth  of  correlated  communal  in- 
terests, every  one  in  some  degree  dependent  upon  chemical  in- 
vestigation. If  not  dependent  upon,  at  least  bettered  by  such 
research.  Where  can  be  found  a  more  enthusiastic  body  of  in- 
vestigators than  a  class  of  chemistry  pupils  who  do  their  work 
by  the  method  of  the  beckoning  hand  rather  than  by  the  method 
of  the  clenched  fist? 

To  turn  the  thought  of  the  pupil  towards  some  of  the  prob- 
lems which  occur  in  every  town  is  doing  a  distinct  public  serv- 
ice. Chemistry  originally  came  from  the  people,  why  not  give  it 
back  to  them  again  ? 

Here  are  some  suggestive  problems,  the  solution  of  which  in- 
cites the  pupil  to  continued  effort  along  chemical  lines.  Some  of 
these  problems  are  to  be  studied  and  then  reinvestigated  from 
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time  to  time  during  the  course  to  note  any  specific  changes  or 
possibly  improvement  in  conditions.  They  may  be  roughly  classi- 
fied under  two  heads  as  recurrent  or  permanent  problems;  spor- 
adic or  temporary  problems. 

A  sanitary  analysis  of  water  with  the  determinations  of  color, 
odor,  taste,  total  solids,  chlorin,  ammonia,  nitrites  and  nitrates, 
phosphates,  absorbed  oxygen,  dissolved  metals,  and  hardness. 

.  If  one  knows  what  significance  to  place  upon  these  factors, 
tabulated  results  of  waters  from  different  sources  are  not  only 
of  interest  but  of  value.  It  has  been  our  experience  that  every 
pupil  is  anxious  to  test  his  favorite  spring  and  compare  the  re- 
sults with  other  supplies. 

Analysis  of  milk  with  determinations  of  fat  by  the  Babcock 
method,  total  solids  by  Richmond's  milk  scale,  proteins  and  milk 
sugar  by  the  formulas  of  Olsen,  Van  Slyke,  and  Lythgoe.  The 
last  three  determinations  give  excellent  drill  in  applied  mathe- 
matics. After  the  determination  of  these  normal  constituents  of 
milk  by  means  of  which  a  more  or  less  arbitrary  grade  is  estab- 
lished, an  examination  of  the  sample  for  foreign  matter,  adultera- 
tion by  means  of  dyes,  preservatives,  added  water  and  by  skim- 
ming is  not  only  important  but  essential. 

Surveys  of  the  local  supplies  of  ice  cream,  cheese,  and  con- 
densed milk.  Pupils  usually  take  the  greatest  interest  in  de- 
termining the  composition  of  ice  creams  as  regard  fat,  fillers, 
gelatine,  etc.,  they  enjoy  the  search  for  preservatives  in  cheese 
and  the  grading  on  the  butter  fat  basis  and  take  pride  in  being 
able  to  say  with  assurance  that  "this  sample  of  condensed  milk 
contains  6.64  per  cent  of  butter  fat  and  is  twice  condensed,  while 
that  one  contains  only  3.31  per  cent  and  is  made  from  skimmed 
milk." 

The  detection  of  coal  tar  dye  in  candies  almost  always  results 
in  a  lessened  consumption  of  cheap  confectionery  in  the  town 
where  the  investigation  is  conducted.  Many  dealers  sell,  and 
many  children  eat  this  debased  product,  simply  because  their  at- 
tention has  never  been  called  to  the  fact  that  mineral  dyes  are 
injurious  to  health. 

For  girls,  simple  chemical  surveys  of  dentifrices  and  cosmetics 
afford  opportunities  of  no  mean  value.  Many  of  the  common 
radicals,  such  as  CO3,  CI,  PO4,  NO3,  S,  BOg,  many  important 
bases,  as  Hg,  Pb,  K,  Na,  S,  Si,  Ca,  etc.,  are  met  with  and  identi- 
fied by  appropriate  tests.    This  knowledge  rightly  secured,  that  is. 


Digitized  by  LjOOQIC 


COMMUNAL  CHEMISTRY  583 

secured  by  the  free  will  of  the  pupil,  forms  a  valuable  background 
of  chemical  information. 

To  the  average,  pupil  there  are  few  more  fascinating  lines  of 
investigation  than  well-planned  distillation  experiments.  Each  of 
these  may  be  made  to  aifect  the  community  as  well  as  the  pupil  if 
the  instructor  so  desires.  In  order  to  master  the  technique  of  dis- 
tillation, it  may  be  well  to  allow  the  operators  to  purify  several 
samples  of  water,  which  their  previous  tests  have  shown  to  be 
contaminated. 

The  addition  of  a  little  dye  like  Ponceau  red  sometimes  serves 
to  bring  out  the  fact  that  volatile  substances  only  can  be  separated 
by  distillation.  As  soon  as  pupils  acquire  a  fair  degree  of  skill 
in  this  work  they  can  be  given  several  entertaining  and  valuable 
exercises  in  the  extraction  of  essential  oils  from  various  herbs 
and  spices. 

The  common  wintergreen  (Gaultheria  procumbens)  twigs  of 
the  sweet  birch  and  ground  cloves  furnish  suitable  material  for 
such  experiments. 

It  is  not  a  difficult,  matter  for  the  pupils  to  determine  the  al- 
coholic content  of  patent  medicines,  tonics,  invigorators,  liquors, 
tinctures,  root  beer  extracts,  etc.,  with  accuracy  to  the  second 
decimal  place,  which  is  as  far  as  we  usually  calculate  in  ordinary 
commercial  analysis.  While  this  work  may  not  materially  lessen 
the  consumption  of  alcoholic  beverages  in  any  community,  it  has 
resulted  many  times  in  making  the  parents  exercise  a  caution  in 
the  selection  of  medicines  for  family  use. 

The  other  day  I  gave  a  bottle  to  some  students  who  were 
anxious  for  more  chemical  investigation.  The  liquid  is  the  soak 
water  from  a  local  tan  yard.  Bombay  hides  had  been  washed 
and  hundreds  of  gallons  of  the  liquor  accumulated.  The  pro- 
prietors of  the  tannery  did  not  dare  to  drain  it  into  the  stream 
lest  it  kill  the  fish,  nor  throw  it  onto  the  land,  lest  cattle  be 
poisoned  by  eating  the  grass.  They  exercised  this  caution  be- 
cause they  had  heard  that  Bombay  hides  are  sometimes  preserved 
with  arsenic,  and  furthermore  this  liquor  looked  different  from 
any  they  had  been  accustomed  to  see. 

A  sample  was  accordingly  submitted  to  the  laboratory.  The 
question  was:  Does  this  liquid  contain  anything  injurious  to 
animal  life? 

After  due  investigation,  the  students  found  that  the  liquor  was 
not  only  arsenical  but  also  contained  mercuric  chloride.     So  the 
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question  was  answered  and  a  problem  solved.  Here  are  examples 
of  other  local  problems  which  have  been  solved  by  the  pupils : 

Coal  from  a  local  concern  found  to  contain  an  excessive  per 
cent  of  ash  and  a  correspondingly  small  amount  of  available  car- 
bon. The  firm  had  nearly  decided  to  purchase  a  supply  of  this 
material  but  waited  for  the  report  from  the  laboratory  and  it  was 
well  they  did. 

A  post  preserver  offered  to  a  telephone  company  was  found  to 
consist  of  salt  and  baking  soda. 

You  will  note  that  in  order  to  do  this  work  it  was  necessary 
for  the  pupil  to  recognize  two  bases  and  two  radicals. 

A  preparation  for  leaky  automobile  radiators  was  found  to 
consist  of  linseed  meal,  colored  with  coal  tar  dye  and  scented 
with  oil  of  mirbane. 

Fake  preparations  purchased  by  unsuspecting  housekeepers  sup- 
posed to  render  kerosene  and  gasoline  safe,  consisted  of  common 
salt  colored  with  coal  tar  dye. 

"Lightning  Silver  Plating  Fluid"  for  the  instantaneous  plat- 
ing of  brass,  copper,  and  composition  metals,  contained  no  sil- 
ver but  was  composed  of  red  oxide  of  Hg  dissolved  in  HNO3. 

Time  will  not  permit  us  to  give  examples  of  scores  of  other  in- 
vestigations of  like  nature.  We  are  convinced  that  the  health  of 
the  pupil  is  of  primal  importance  and  have  seen  that  chemistry 
may  be  made  to  conserve  this  important  asset.  The  food  supply 
holds  a  prominent  place  in  eugenics.  From  this  supply  can  be 
drawn  innumerable  chemical  exercises,  easily  within  the  scope 
of  the  laboratory,  and  entirely  within  the  concept  of  the  pupil. 
It  appeals  to  us  as  good  pedagogy  to  let  the  pupil  get  the  first- 
hand knowledge  of  the  common  chemical  elements  by  doing  actual 
w  -^rk  with  them.  They  must  not,  however,  get  the  idea  that  they 
ai\  chemists  and  must  be  shown  that  the  approach  to  chemical 
perfection  is  hard  and  difficult.  By  studying  the  interests  of  the 
class,  and  conditions  of  the  town  one  may  readily  make  chemistry 
teaching  perform  a  service  which  is  reasonable  and  offer  a  reason 
which  is  serviceable. 


CALIFOBNIA'S  GREAT  OIL  OUTPUT. 

California  broke  all  records  in  1910  in  the  production  of  oil  by  a  single 
State.  Her  output  was  nearly  35  per  cent  of  the  greatest  oil  production 
ever  attained  by  the  United  States.  The  California  wells,  according  to 
the  Uunited  States  Geological  Survey's  report  on  petroleum,  contributed 
73,010,560  barrels  to  the  total,  which  was  greater  than  the  production  of 
Russia,  the  second  producing  country  in  the  world. 
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THE  PROBLEM  OF  THE  PUPIL  WHO  FAILS. 

By  Marion  Sykes, 
Bowen  High  School. 

The  problem  of  the  pupil  who  fails  is  an  ever-present  one. 
It  is  the  question  of  how  to  reduce  the  amount  of  waste  in 
our  business,  a  question  of  especial  importance  in  the  man- 
agement of  the  school,  for  not  only  does  it  mean  waste  of 
public  funds,  but  what  is  far  more  serious,  waste  in  human 
lives.  To  the  fact  that  the  time  of  those  who  fail  is  used  not 
only  to  no  advantage  but  often  to  the  pupil's  positive  dis- 
advantage, is  added  the  unfortunate  result  that  the  time  of 
the  many  industrious  pupils  is  sacrificed,  while  the  attention 
of  the  teacher  is  given  to  the  few  indifferent  ones.  We 
deplore  the  attitude  of  many  pupils,  their  lack  of  responsi- 
bility toward  school  work.  We  are  unable  to  understand 
their  willingness  to  come  to  class  with  lessons  unprepared. 
Even  the  easy  lesson  assigned  the  first  day  is  cheerfully  neg- 
lected. If  the  trouble  lay  with  pupils  of  one  subject  or 
group  of  subjects,  with  a  few  teachers,  or  a  few  schools, 
the  inquiry  into  causes  and  remedies  would  be  limited;  but 
these  unfortunate  conditions  are  found  in  the  case  of  pupils 
of  all  subjects,^  with  all  teachers,  in  all  schools.  The  inquiry 
must  be  a  broad  one  which  will  include  conditions  as  they 
effect  pupils  widely. 

The  records  of  the  school  indicate  a  waste  of  time  which 
ought  not  to  be.  Too  many  fail  of  promotion  into  the  next 
grade.  In  one  high  school  eighty-one  per  cent  of  the  mem- 
bership of  the  September  classes  were  promoted  last  June. 
Ninety-one  per  cent  of  the  fourth-year  pupils  were  graduated ; 
ninety-four  per  cent  of  the  third-year  pupils  entered  fourth 
year;  eighty-eight  per  cent  of  the  second  year  pupils  entered 
third  year;  sixty-nine  per  cent  of  the  first-year  pupils  were 
promoted  to  second  year.  Of  the  first-year  boys,  fifty-seven 
per  cent  were  promoted,  seventy-eight  per  cent  of  the  girls. 
In  reducing  the  number  of  failures  it  is  evident  that  attention 
should  be  given  especially  to  conditions  in  our  first-year 
classes.  Of  course  the  worst  cases  never  become  second  or 
third-year  pupils,  just  as  the  worst  cases  in  the  elementary 
schools  never  get  to  the  high  school.  Of  those  who  are 
promoted  into  the  next  grade,  too  many  are  behind  in  one 
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or  more  subjects.  Of  those  promoted  from  the  first  year  to 
the  second  year  in  the  high  school  mentioned,  thirty-seven 
per  cent  were  behind  in  one  or  more  subjects;  fifty-nine  per 
cent  of  the  boys,  twenty-four  per  cent  of  the  girls. 

In  spite  of  this  we  pass  many  who  we  feel  are  not  de- 
serving of  the  credit  we  give  them.  We  lack  the  courage 
to  fail  all  those  whose  work  has  really  been  unsatisfactory. 
Too  many  fail  in  our  schools,  but  often  too  many  who  ought 
to  fail  are  passed  by  the  individual  teacher.  Just  here  is  one 
way  in  which  the  school  falls  short  of  the  moral  training  it 
owes  the  child.  How  can  the  giving  of  credit  to  a  boy  or 
girl  who  knows  that  he  has  done  poorly  and  whose  com- 
panions know  that  he  has  done  poorly,  strengthen  the  char- 
acter of  the  pupil  himself  or  of  the  other  members  of  the 
class  ? 

Some  say  that  so  many  fail  in  the  several  subjects  be- 
cause one  standard  of  seventy-five  per  cent  in  each  subject 
is  too  high.  So  it  would  be  if  seventy-five  per  cent  meant 
that  the  pupil  had  done  three  fourths  of  the  work.  No  one 
but  our  critics  think  that.  Seventy-five  per  cent  means  pass- 
able and  might  as  well  be  sixty-five  or  even  fifty  per  cent. 
A  lower  passing  average  would  not  mean  that  we  would  put 
more  pupils  through  but  that  our  marks  would  show  more 
nearly  what  part  of  the  work  had  been  done.  As  it  is,  in  most 
cases,  fifty  is  "the  highest  mark  which  stands  for  zero."  The 
requirements  for  promotion  from  first  to  second  year  are  lib- 
eral. If  a  pupil  has  done  passable  work  in  all  subjects  he 
receives  four  credits  or  more  at  the  end  of  the  first  year. 
He  is  promoted  if  he  has  received  three  credits,  if  he  has 
passed  in  three  fourths  of  his  work.  That  surely  is  not  exact- 
ing. Failure  to  pass  does  not  necessarily  mean  that  a  pupil 
has  received  no  benefit  from  his  work.  Often  he  has  really 
improved  and  when  he  goes  over  the  subject  a  second  time, 
he  finds  himself  and  does  well. 

In  looking  for  causes  and  remedies  it  is  well  to  consider 
the  conditions  found  in  the  elementary  school  before  consid- 
ering those  in  the  high  school.  This  is  a  difficult  portion  of 
the  subject  to  approach  because  of  the  certainty  of  being  mis- 
understood. There  is  no  desire  to  criticise  the  elementary 
teacher.  The  fault  is  in  the  system.  When  we  consider  the 
conditions  under  which  the  elementary  school  is  working, 
the  wonder  is  not  that  the  pupils  do  so  poorly  when  they 
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come  to  us,  but  that  they  do  so  well.  The  fact  that  the 
worst  conditions  are  in  the  first  year,  that  the  children  at 
the  beginning  of  their  high  school  life  make  so  little  effort 
to  do  the  work  assigned  them,  indicates  that  no  real  im- 
provement can  be  made  without  beginning  with  the  elemen- 
tary school. 

One  trouble  with  the  children  is, the  unfortunate  under- 
standing of  certain  psychology.  It  has  been  urged  upon  the 
teacher  to  arouse  the  child's  interest.  Does  arousing  interest 
consist  in  amusing  the  child?  Is  interest  to  be  gained  only 
by  firing  a  pistol  or  engaging  in  a  procession  ?  If  we  receive 
only  involuntary  attention  which  does  not  lead  into  volun- 
tary attention  the  child  is  not  being  prepared  for  his  place 
in  life.  Dr.  Miinsterberg  asks,  "May  it  not  be  that  the  most 
important  aim  of  education  is  just  the  power  of  overcoming 
the  temptations  of  mere  personal  interest,  the  power  to  serve 
purposes  which  demand  effort  of  will  and  discipline  of  atten- 
tion?" The  result  seems  to  us  too  often  "a  flabby  inefficiency, 
a  loose  vagueness  and  inaccuracy."  Our  education  must  be 
such  that  those  who  go  out  from  us  will  not  continue  "to 
follow  without  check  their  untrained  impulses."  Another 
doctrine  which  has  been  distorted  is  that  the  responsibility  is 
on  the  part  of  the  teacher.  If  she  but  do  her  duty  the  pupil 
cannot  help  but  learn.  This  has  been  pushed  to  such  an 
extreme  that  the  pupil  has  unconsciously  absorbed  it.  Often 
his  attitude  seems  to  be  "interest  me  and  V\\  tfo  well;  but 
I  myself  have  nothing  to  do." 

There  are  other  causes,  however,  which  are  more  effective 
in  bringing  about  the  results  we  deplore.  Often  the  pupils 
are  handicapped  physically.  Bad  tonsils,  adenoid  growths, 
poor  eyesight,  defective  hearing,  flat  foot,  and  lack  of  sufficient 
food  of  the  right  sort  are  often  to  blame  for  backwardness. 
Fortunately  society  is  waking  up  to  the  tremendous  physical 
handicap  placed  on  some  children.  The  child-study  depart- 
ment is  ready  to  help  teachers  toward  a  solution  of  the  dif- 
ficulties of  such  pupils,  and  in  some  cases  special  instruction 
is  provided.  The  school  system  is  working  to  reduce  the  ill 
effects  of  such  conditions. 

Some  think  that  the  system  of  passing  pupils  from  grade 
to  grade  below  the  high  school  on  a  general  average  of 
seventy-five  per  cent,  means  necessarily  a  failure  on  the  part 
of  certain  pupils  in  certain   subjects.     In   some   elementary 
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schools  the  marks  in  writing,  drawing,  music,  composition 
count  as  much  toward  promotion  into  the  next  grade  as  the 
marks  in  reading,  arithmetic,  history,  or  English.  Some  chil- 
dren may  pass  on  very  good  averages  who  never  stood  above 
sixty  in  arithmetic  for  example.  Of  course  such  a  child  could 
not  make  the  necessary  seventy-five  per  cent  in  algebra  re- 
quired in  the  high  school.  This  method  of  promotion  would 
result  as  claimed  in  the  case  of  certain  children,  but  on  the 
whole  it  seems  as  good  a  method  as  any  for  promotion  in  the 
grades  below  the  high  school. 

There  are  four  other  causes  which  are  much  more  unfor- 
tunate in  their  results  than  any  mentioned  thus  far.  They 
are  the  large  number  of  pupils  under  the  charge  of  one 
teacher  in  the  lower  grades,  the  crowded  condition  of  the 
curriculum,  the  character  of  the  text-books  used,  and  the  bad 
habits  of  the  pupils  themselves.  In  the  elementary  school 
the  average  membership  of  forty-five  in  a  room  is  not  so 
large  as  formerly  when  teachers  of  the  third  grade,  for  ex- 
ample, had  in  some  cases  fifty-seven  under  their  charge.  The 
rule  works  out  an  average  of  from  forty-five  to  forty-eight 
in  a  room  with  a  tendency  to  fewer  in  the  higher  grades. 
This  is  in  advance  of  what  it  used  to  be  but  there  are  still  too 
many.  With  such  large  numbers  how  else  can  the  teacher 
do  but  treat  the  pupils  in  the  mass,  accept  short,  scrappy  an- 
swers, and  push  on  as  many  as  possible  to  make  room  for  the 
incoming  crowd?  She  aims  to  demand  careful  answers,  to 
give  each  child  some  individual  attention;  but  the  teacher 
can  do  only  her  best  with  the  large  number  of  pupils  in  her 
care.  We  object  to  our  large  classes  in  the  high  school,  and 
we  deplore  the  lack  of  responsibility  shown  by  the  child. 
We  will  not  succeed  in  the  results  we  wish  until  the  large 
numbers  in  the  rooms  in  the  lower  grades  are  reduced.  This 
is  a  difficult  matter  to  adjust,  for  a  large  city  like  Chicago 
grows  so  rapidly  that  the  schools  do  not  easily  keep  up  with 
growing  and  changing  population.  Then  there  is  a  myste- 
rious something  called  "business  interests,"  which  makes  it 
better  economy  to  save  dollars  and  cents,  rather  than  boys 
and  girls. 

The  crowded  curriculum  is  another  difficulty  with  which 
the  elementary  school  must  contend.  The  mastering  of  all 
the  work  laid  down  for  the  elementary  school  is  an  impossi- 
bility.    Attempts  to  cover  the  work  would  seem  to  result  in 
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confusion  with  little  or  nothing  done  well.  Besides  the  large 
amount  of  work  in  each  subject  to  be  done,  new  subjects 
or  new  phases  of  old  subjects  are  introduced  in  a  way  which 
means  a  crowding  out  of  something  to  give  time.  This  class 
of  difficulties  may  be  illustrated  by  the  experience  of  a  second- 
grade  teacher.  She  had  a  room  of  forty-five  pupils  whose 
program  allowed  ten  minutes  a  day  for  physical  culture.  She 
was  instructed  to  make  dancing  a  part  of  this  work.  Not 
being  able  to  teach  forty-five  children  to  dance  by  giving 
them  ten  minutes  a  day,  and  being  obliged  to  put  in  the 
dancing,  she  had  to  take  time  from  other  subjects.  Lessons 
in  reading  are  required  to  be  dramatized.  The  time  allotted 
to  reading  on  the  program  must  be  extended  to  allow  of  any 
results  worth  the  name.  It  is  not  my  intention  to  urge 
against  folk  dancing  or  dramatizing  in  themselves,  but  to 
urge  that  when  those  in  authority  wish  these  things  to  be 
included  in  school  work  the  program  be  so  adjusted  that 
they  aid  the  pupil  in  his  study  of  the  fundamentals,  not  crowd 
QUt  the  fundamentals.  Too  often  construction  work  unre- 
lated to  other  subjects  is  introduced  in  the  same  way,  and 
there  fails  to  be  laid  the  foundation  needed  by  all  American 
citizens  no  matter  what  their  life  work  is  to  be.  A  boy  who 
was  in  his  second  year  in  the  high  school  was  overheard  to 
say  to  a  first-year  girl,  "What  did  you  fail  in?  Algebra? 
Bet  I  know  what  school  you  came  from.  Same  as  I  did. 
Scissors  and  cardboard,  cardboard  and  scissors,  but  not  much 
arithmetic." 

Accounts  of  the  work  of  teachers  in  getting  up  programs 
for  school  entertainments  come  to  us  and  we  hear  of  how  a 
teacher  leaves  her  class  work  and  drills  groups  of  pupils 
who  have  left  their  work.  We  wonder  if  the  pupils  have 
(rained  more  than  they  have  lost.  We  know  that  our  work 
could  not  stand  that  sort  of  thing. 

The  character  of  the  text-books  used  in  the  elementary 
schools  is  another  serious  drawback.  Many  of  the  books  are 
beyond  the  comprehension  of  the  pupils.  It  is  impossible  to 
expect  the  child  to  take  the  book  and  get  anything  from  it 
for  himself.  He  cannot  learn  to  read  from  such  a  book,  and 
his  best  efforts  result  too  often  in  discouragement  and  con- 
fusion. No  wonder  that  he  gets  into  the  way  of  coming  to 
class  not  with  a  poorly-prepared  lesson,  but  with  a  lesson 
which  he  has  made  no  attempt  to  prepare.     In  some  cases. 
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there  seems  to  be  no  book  written  on  the  subject  which  is 
within  the  comprehension  of  the  child.  Yet  it  surely  is  a 
part  of  the  work  of  the  school  to  teach  the  pupils  to  take  a 
book  and  get  out  of  it  valuable  information. 

The  worst  condition  to  contend  against  is  bad  habits  on 
the  part  of  the  pupils  themselves.  Take  for  example  smoking 
on  the  part  of  small  boys.  They  tell  us  that  of  twenty-four 
hundred  smokers  whose  record  was  examined,  less  than  one 
hundred  and  fifty  were  up  to  their  grade  in  school.  That  of 
the  boys  from  two  to  four  years  behind  in  their  grades  most 
of  them  smoke.  With  smoking  go  physical  defects,  and  bad 
habits  which  make  it  difficult  for  a  boy  to  develop  will  power. 

These  are  some  of  the  drawbacks  against  which  the  ele- 
mentary school  is  working.  If  our  failures  in  the  high  school 
are  to  be  reduced  in  numbers,  improvement  must  begin  in 
the  elementary  school  with  fewer  pupils  to  a  teacher,  a  sim- 
plified curriculum,  easy  texts  within  the  comprehension  of 
the  pupils,  and  a  cooperation  of  home,  school,  and  social  inter- 
ests which  will  work  against  poor  health  and  bad  habits  of 
the  pupils. 

In  the  high  school  conditions  of  the  same  general  character 
as  those  in  the  elementary  school  are  met.  Our  point  of  view 
is  an  important  matter.  Too  often  this  has  been  that  of  the 
specialist,  not  the  point  of  view  of  the  child.  If  we  find  the 
pupil  unable  to  do  what  is  our  idea  of  high  school  work,  then 
we  should  give  him  what  he  needs,  not  what  we  think  the 
ideal  pupil  ought  to  have.  Our  methods,  our  subject-matter 
must  be  adjusted  to  the  needs  of  the  pupil  who  comes  to  us, 
not  to  the  pupil  who,  we  think,  ought  to  come.  If  our  pupils 
need  what  we  consider  seventh-grade  work,  then  we  should 
give  them  seventh-grade  work.  We  are  often  too  much 
afraid  of  making  our  work  easy.  The  hopeful  thing  about  thi<^ 
situation  is  that  we  are  improving  and  our  point  of  view  is 
becoming  more  and  more  that  of  the  child. 

We  are  afraid  of  being  judged  mere  hearers  of  lessons 
rather  than  teachers,  and  in  order  to  avoid  such  an  impreca- 
tion we  sometimes  assign  very  little  definite  work.  We  must 
make  assignments  for  daily  work  definite,  and  the  pupil 
must  be  held  responsible  for  the  preparation  of  all  work 
assigned.  Passing  pupils  who  have  habitually  done  slipshod 
work  not  only  results  in  sending  into  higher  classes  poorly 
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prepared  pupils,  but  it  has  a  bad  moral  influence  on  the  chil- 
dren themselves. 

The  numbers  in  our  classes  seem  to  many  of  us  to  make 
it  impossible  that  a  large  per  cent  can  pass.  Our  largest 
classes  are  in  the  first  year  where  the  failures  are  the  most. 
The  people  who  are  failing  need  individual  attention.  We 
all  know  that  with  forty-five  pupils  reciting  in  fifty  minutes, 
few  can  get  individual  attention.  Those  who  go  to  class  un- 
prepared are  the  same  ones  who  go  to  the  study  room  with 
nothing  to  do,  or  with  a  story  book  to  read.  That  is  one  of 
our  perplexing  questions,  "Why  is  a  pupil  willing  to  loaf 
out  a  study  hour  and  go  to  a  recitation  the  next  period  with 
the  lesson  unprepared?" 

Our  texts,  as  well  as  the  texts  in  the  elementary  schools, 
have  not  always  been  adapted  to  our  pupils.  They  are 
written  by  specialists  who  often  have  not  the  pupil's  point  of 
view.  This  condition  is  steadily  improving.  We  are  getting 
rid  of  some  books  which  are  too  difficult  or  which  are  inade- 
quate. 

The  matter  of  the  habits  of  the  pupils  is  a  serious  one, 
especially  the  habits  of  the  boys.  In  one  high  school  it  was 
found  that  of  the  first-year  boys  who  had  been  in  school  a 
year  last  June  but  who  were  behind  in  one  or  more  subjects, 
thirty-six  per  cent  were  known  to  smoke.  Seventeen  per  cent 
of  those  behind  in  one  subject  smoke,  eighteen  per  cent  of 
those  behind  in  two  subjects,  sixty-eight  per  cent  of  those 
behind  in  three  subjects,  and  sixty-one  per  cent  of  those  be- 
hind in  four  subjects  are  known  to  be  smokers.  Of  those 
who  passed  in  all  subjects  none  smoked.  Smoking  is  a  habit 
which  accompanies  other  habits,  all  of  which  work  against  the 
mental  growth  of  the  boy.  I  made  a  list  of  those  I  call  the 
"boldest  smokers,"  those  who  will  stand  smoking,  leaning 
against  the  schoolhouse  almost  at  the  very  doors  unless  they 
know  a  teacher  is  coming.  They  are  all  pupils  who  fail  in 
subject  after  subject,  pupils  who  have  taken  the  time  and  atten- 
tion of  teachers  and  principal  for  repeated  disorder. 

What  about  the  girls  who  fail  ?  I  don't  know.  In  the  case 
of  some  their  health  is  poor,  most  seem  to  be  plain  lazy,  a  few 
unable  to  do  the  work  of  the  class.  If  we  could  bring  the 
proportion  of  boys  who  pass  up  to  the  proportion  of  girls  who 
pass  we  would  be  a  long  way  ahead.  I  asked  some  of  the 
boys  about  it.    They  said,  "When  school  is  out  a  girl  has  to 
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go  home.  At  least  her  people  know  where  she  is.  When 
school  is  out  a  boy  goes  to  the  gym  or  the  park;  maybe  he 
bums  around  a  street  corner  and  goes  to  the  show  or  pool 
room,  and  gets  home  in  time  for  supper."  It  used  to  be  said 
that  introducing  manual  training  and  shop  work  would  hold 
the  boys.  We  find  that  with  only  few  exceptions,  those  doing 
well  in  academic  subjects  do  well  in  shop,  and  those  failing 
in  academic  work  do  poorly  in  shop. 

The  subject  is  a  large  one.  What  can  teachers  do  to  help? 
It  will  not  help  to  mark  all  pupils  through.  We  wonder  if  our 
influence  would  be  of  any  use  in  bettering  the  conditions 
in  the  grades.  We  can  adjust  our  work  continually  to  fit 
the  pupil  as  he  comes  to  us,  not  as  we  think  he  ought  come. 
We  can  continually  point  out  the  handicap  a  pupil  has  when 
he  is  a  member  of  a  crowded  class.  When  a  change  of  text- 
books is  probable,  we  can  use  our  influence  toward  a  simple 
book  which  the  pupil  can  actually  read  and  understand,  and 
which  is  definite  and  adequate.  How  can  we  work  effectively 
against  bad  habits  which  undermine  the  mental  power,  the 
will,  the  character  of  our  boys,  habits  which  were  formed  out- 
side of  school,  before  they  came  to  us? 


EPIDEMICS  OF  SO-CALLED  INFLUENZA 

Since  the  pandemic  of  influenza  in  1889-90,  when  within  one  year  the 
whole  civilized  world  was  afflicted  with  the  contagion,  there  have  been 
lesser  outbreaks  at  irregular  intervals  in  most  centers  of  population. 
These  epidemics  of  sore  throat  and  bronchitis  have  usually  been  called 
influenza  or  "la  grippe,"  because  of  the  characteristic  contagiousness  of 
the  infection,  the  persistence  of  the  symptoms,  and  the  tendency  to  pros- 
tration and  mental  depression.  But  this  diagnosis  has  not  been  satisfac- 
torily confirmed  by  bacteriologists.  In  the  great  pandemic,  Pfeiffer  and 
others  found  in  the  nasal  and  bronchial  secretions  "pure  cultures  of  the 
influenza  bacillus  in  all  uncomplicated  cases."  Subsequent  reports  seem  to 
indicate  that  the  influenza  bacillus  is  a  common  invader  of  the  air- 
passages  in  a  large  group  of  other  diseases,  notably  whooping-cough, 
phthisis  and  measles.  There  is  no  evidence  that  this  bacillus  is  more 
prevalent  in  the  local  epidemics  of  influenza  than  in  the  ordinary  catarrhal 
infections.  A  recent  epidemic  of  "septic  sore  throat"  in  Boston  was 
studied  by  Richardson  and  others.  They  traced  the  contagion  to  infected 
milk.  A  study  of  an  influenza  epidemic  among  children  in  Berlin  and 
of  the  recent  epidemic  of  sore  throat  in  Chicago  have  demonstrated  as 
the  exciting  agent  a  germ  of  peculiar  characteristics  different  from  the 
influenza  germ.  The  Journal  of  the  American  Medical  Association  points 
out  that  these  three  epidemics  occurring  during  the  last  year  in  widely 
separated  communities,  have  all  been  caused  by  the  same  germ.  It  is 
to  be  hoped  that  in  the  future  such  epidemics  in  various  cities  will  be 
more  systematically  and  carefully  investigated. 
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MATHEMATICS  IN  THE  ELElfiENTARY  SCHOOLS.' 

By  Adelbert  H.  Morrison, 
Mechanic  Arts  High  School,  Boston, 

You  may  wonder  that  a  high  school  teacher  should  have  been 
chosen  to  speak  on  elementary  school  work,  and  the  fact  that 
such  a  teacher  was  found  to  accept  the  invitation  is  perhaps 
only  another  manifestation  of  the  inalienable  right  of  the  higher 
school  to  assume  a  wise  attitude  toward  the  work  of  the  lower. 
However  this  may  be  the  subject  of  the  elementary  school  cur- 
riculum is  more  important  now  than  it  has  ever  been  before; 
and  this  relative  importance  is  likely  to  increase  rather  than 
diminish  so  long  as  the  present  economic  and  social  conditions 
exist.  It  is  undoubtedly  true  that  the  influx  of  foreign  peoples 
from  the  lower  classes  of  the  nations  from  which  they  come 
has  materially  affected  the  average  of  mental  and  moral  devel- 
opment of  the  children  in  our  schools.  The  crowding  of  people 
together  in  cities  and  large  towns,  the  tendency  toward  the 
apartment  house  or  flat,  both  have  tended  to  change  materially 
the  average  conditions  of  life  and  have  brought  their  results  in 
the  enriched  course  which  has  received  so  much  criticism.  It 
has  been  said  that  the  schools  are  now  teaching  what  should 
have  been  taught  in  the  homes,  and  this  is  no  doubt  true;  but 
the  fact  is  that  certain  things  that  were  taught  in  the  home  a 
generation  ago,  or  less,  are  not  so  taught  now  and  it  is  a  ques- 
tion whether  they  shall  go  altogether  untaught  or  receive  some 
share  of  attention  in  school.  Personally  I  believe  that  the  ele- 
mentary school  curriculum  of  the  present  day  is  an  attempt  to 
make  formal  education  what  it  should  be,  a  supplement  to  other 
educational  forces  that  are  less  completely  under  our  control, 
with  a  view  of  bringing  about  a  more  complete  development  of 
the  mental,  moral,  and  physical  characteristics  of  the  pupils. 

Another  condition  that  is  adding  to  the  importance  of  the 
work  of  the  lower  grades  is  the  fact  that  the  number  of  pupils 
who  leave  school  as  soon  as  the  law  will  allow  is  continually 
on  the  increase.  I  have  no  data  on  the  subject  but  I  believe  it 
is  true  that  the  percentage  of  pupils  who  leave  school  at  an 
early  age  is  greater  now  than  it  was  five  years  ago.  I  do  not 
see  how  this  can  fail  to  be  true.  None  of  us  here  are  rich  in 
this  world's  goods,  perhaps,  but  we  all  know  that  the  purchas- 
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ing  power  of  a  dollar  is  decreasing  to  an  extent  that  is  alarming 
to  all  and  distressing  to  the  poorer  classes  of  society.  Conse- 
quently, it  is  certain  that  more  and  more  people  are  living  close 
to  their  income,  and  more  pupils  are  leaving  school  f^om  force 
of  necessity  than  ever  before.  The  elementary  school,  therefore, 
is  their  only  hope,  until  part  time  and  continuation  schools  have 
reached  a  higher  stage  of  development  than  they  have  at  the 
present  time. 

However,  this  does  not  help  us  to  solve  our  problems,  but  only 
serves  to  emphasize  the  need  of  making  every  moment  of  time 
in  the  lower  grades  count  for  something  worth  while  in  pre- 
paring the  great  body  of  pupils  to  take  their  places  in  the  world 
and  lead  lives  that  are  something  more  than  mere  existence.  I 
do  not  believe  that  this  necessarily  means  that  the  lower  grade 
work  must  be  made  purely  utilitarian.  This  would  be  an  un- 
fortunate starting  point  from  which  to  plan  out  the  subject- 
matter  of  any  school  course,,  but  I  do  think  that  some  of 
the  work  we  are  now  attempting  to  do  is  too  difficult  for  the 
pupils  at  the  time  it  is  attempted,  and  that  the  emphasis  should 
be  placed  at  different  points  than  is  the  practice  at  the  present 
time  so  far  as  I  am  acquainted  with  that  practice. 

I  have  referred  to  the  enriched  course  in  the  elementary 
schools  and  to  the  fact  that  this  enrichment  has  received  bit- 
ter criticism  from  many  quarters,  but  I  seriously  doubt  if  any 
superintendent  would  dare  to  brave  the  storm  that  would  be 
produced  by  attempting  to  return  to  the  old  curriculum,  even 
if  he  thought  it  sound  educational  policy.  These  new  subjects 
are  here  to  stay  and  we  may  as  well  face  this  fact  squarely. 
But  there  is  another  fact  brought  home  to  us  on  every  possible 
occasion  by  all  sorts  of  people,  and  that  is  that  the  results  of 
our  elementary  school  work  are  not  satisfactory.  The  president 
of  a  bank  said  recently,  at  a  meeting  of  school  men,  that  he  had 
yet  to  find  the  grammar  school  graduate  who  could  read  in- 
telligently, write  legibly,  spell  correctly,  or  add  a  column  of 
figures  with  any  degree  of  accuracy,  and  although  this  state- 
ment of  the  case  may  be  somewhat  exaggerated  it  is  t)rpical 
of  the  opinion  held  by  a  large  number  of  business  men.  High 
school  teachers,  I  am  obHged  to  confess,  are  sometimes  equally 
outspoken  in  their  criticism  and  offer  as  an  excuse  for  their 
own  failures  the  fact  that  pupils  are  not  properly  prepared,  as 
though  preparation  for  the  high  school  were  the  object  of  the 
elementary  school  course.     Sooner  or  later  the  community  is 
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going  to  rise  in  arms  against  the  wholesale  failure  of  pupils  in 
the  early  part  of  the  high  school  course  and  insist  that  teachers 
shall  base  their  requirements  on  the  ability  of  pupils  to  meet 
them  and  not  upon  their  own  standards  of  what  these  require- 
ments ought  to  be. 

But  to  return  to  the  point  about  which  I  was  speaking,  it  is 
a  conservative  estimate  that  twenty  per  cent  of  the  time  spent 
in  the  elementary  schools  is  spent  on  music,  drawing,  manual 
training,  sewing,  cooking,  nature  study,  physical  exercises,  and 
similar  frills,  while  the  total  number  of  hours  spent  in  school 
is  no  greater  than  before  these  subjects  were  introduced.  It 
might  be  mentioned  also  in  this  connection  that  the  teaching 
of  the  English  language  to  foreign-born  children  merely  as  a 
vehicle  of  communication  is  consuming  considerable  time  at 
the  expense  of  other  subjects,  and  that  the  average  of  intelli- 
gence among  pupils  in  our  schools  is  undoubtedly  lower  than 
it  was  a  few  year§  ago. 

We  have,  then,  the  problem  of  trying  to  do  more  teaching  in 
less  time,  and  there  is  a  limit  to  the  possibility  of  so  doing  with- 
out seriously  reducing  the  efficiency  of  the  teaching.  It  is  the 
old  question  of  two  bodies  occupying  the  same  place  at  the 
same  time. 

Now  under  the  conditions  which  I  have  just  described  one 
of  two  things  must  happen.  Either  we  must  reduce  the  con- 
tent and  improve  the  teaching  of  the  subjects  which  we  are  at- 
tempting to  teach,  or  we  must  expect  the  results  to  be  less  sat- 
isfactory than  formerly,  and  it  is  particularly  in  regard  to 
arithmetic  that  I  am  supposed  to  speak  to-day,  although  sim- 
ilar suggestions  might  be  made  in  regard  to  technical  grammar, 
political  geography  and  history. 

I  have  said  that  either  the  content  of  the  course  in  arithmetic 
must  be  reduced  or  the  results  of  our  teaching  must  suffer,  and 
it  requires  little  argument  to  convince  the  average  business  man 
that  the  latter,  at  least,  is  an  accomplished  fact.  Improvements 
and  modifications  in  methods  of  teaching  have  not  made  up  for 
lack  of  the  time  which  is  absolutely  essential  for  drill,  and  it 
is  probably  true  that  the  average  boy  now  does  not  compare 
favorably  with  the  average  boy  of  a  generation  ago  in  ability 
to  use  arithmetic  or  in  accuracy  in  the  mechanical  processes 
•involved. 

We  are  brought,  then,  to  the  necessity  of  reducing  the  con- 
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tent  of  the  subject  as  one  means  of  saving  time  and  there  is 
one  other  suggestion  that  I  wish  to  make  later  that  would,  I 
think,  relieve  the  situation  to  a  considerable  extent.  But  do 
not  anticipate  that  I  am  going  to  suggest  that  any  person  could 
live  a  complete  and  satisfying  existence  without  the  ability  to 
work  out  the  length  of  time  it  would  take  a  sum  of  $87.45  to 
amount  to  $110.15  if  placed  at  compound  interest  at  5J4  per 
cent  or  to  find  the  number  of  square  inches  in  a  ten  acre  lot. 
Such  ability  is  of  little  value  to  the  ordinary  individual,  it  is 
true,  but  if  there  is  a  class  of  pupils  to  whom  these  things  are 
of  value,  let  them  be  taken  up  in  the  high  school,  when  the  time 
so  spent  will  not  be  taken  from  other  things  that  the  great  bulk 
of  the  children  can  ill  afford  to  lose.  I  have  for  a  long  time  main- 
tained that  it  is  worse  than  useless  to  attempt  the  kind  of  algebra 
that  is  usually  taught  in  the  first  year  of  the  high  school,  and  that 
at  least  half  of  the  years  should  be  spent  on  arithmetic,  special 
attention  being  given  to  the  use  of  the  equation  in  solving  types 
of  problems  that  are  already  familiar. 

But  to  return  to  the  subject  and  to  come  down  to  particulars, 
the  modification  of  the  elementary  school  course  in  mathematics 
that  I  have  suggested  is  that  the  elementary  schools  should  omit 
a  considerable  part  of  what  is  now  being  taught  in  arithmetic 
and  confine  themselves  largely  to  those  things  that  are  likely  to 
be  of  use  to  the  greater  number  of  children  who  enter  the  un- 
skilled vocations,  and  let  the  high  schools  take  care  of  the  other 
pupils.  If  a  further  study  of  arithmetic  seems  desirable  for 
high  schools,  either  for  its  vocational  value  or  as  a  preparation 
for  higher  mathematics,  why  not  let  those  schools  teach  what 
they  will  and  as  they  will?  This  would  at  least  have  the  ad- 
vantage of  enabling  the  high  schools  to  specialize  to  some  ex- 
tent on  arithmetic,  the  pupils  in  a  commercial  course  putting 
special  emphasis  on  interest,  stocks  and  bonds,  commission, 
etc.,  those  in  the  mechanical  course  on  mensuration  of  surfaces 
and  solids  and  the  use  of  formulae,  while  all  would  bring  to 
the  study  the  interest  accompanying  the  consideration  of  new 
material. 

But  before  going  into  further  detail  in  regard  to  the  content 
of  the  course,  there  is  another  way  in  which  our  time  is  not 
used  to  best  advantage,  and  it  seems  to  me  that  the  greatest 
possibility  of  improvement  is  through  a  reallotment  of  time  to 
written  and  oral  work.  A  little  consideration  will  convince  youj 
I  think,  of  the  immensely  greater  value  of  the  ability  to  do 
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simple  problems  mentally  than  the  more  difficult  ones  with  pen- 
cil and  paper.  I  have  made  careful  inquiry  among  all  sorts 
of  people  in  regard  to  the  use  of  arithmetic  in  their  everyday 
lives,  and  find  that  surprisingly  few  have  occasion  from  one 
week's  end  to  another  to  resort  to  written  arithmetic  while  all 
are  doing  mental  problems  many  times  a  day.  The  housewife, 
for  example,  is  buying  her  provisions,  cloth,  etc.,  and  making 
use  of  yards  and  pounds.  The  carpenter  is  concerned  with 
feet  and  inches,  the  machinist  with  inches  and  parts  of  inches, 
but  the  problems  involved  are  for  the  most  part  those  that  can 
and  must  be  done  mentally  and  quickly.  Hence  I  believe  that 
a  great  deal  of  time  that  we  are  now  spending  on  written  work 
is  wasted  and  might  better  be  employed  in  oral  drill,  on  prob- 
lems of  the  same  sort,  perhaps,  but  involving  simpler  relations 
and  smaller  numbers.  Think,  for  example,  of  a  class  spending 
thirty  minutes  or  more  every  day  on  eight  or  ten  examples  like 
the  following: 

1.  Change  -||-  to  212ths. 

2.  Reduce  to  lowest  terms  q^- 

,      T..J        .  •  .  .     J  u       ^721 

3.  Reduce  to  an  integer  or  mixed  number  —,7^  • 

4.  Add32U,  18Uand45i. 

5.  Multiply  18|t  by  37. 

6.  Divide  |  of  t  of  H  of  J}  of  6i  by  t  of  A  of  |i  of  74. 

7.  Change  641,558  inches  to  miles. 

8.  Change  |  ft.  to  a  fraction  of  a  mile. 

I  wonder  how  many  oral  examples  involving  the  same  pro- 
cesses but  smaller  quantities  could  be  done  in  the  same  length 
of  time?  If  I  were  to  guess  I  should  say  at  least  three  times 
as  many.  It  is  not  a  question  here  of  "what  knowledge  is  worth* 
while,"  for  it  is  all  more  or  less  valuable,  but  what  knowledge 
is  most  worth  while  considering  that  we  cannot  do  all  that  we 
might  desire. 

This,  then,  is  my  first  specific  recommendation — to  reduce 
greatly  the  amount  of  time  given  to  written  work  and  to  in- 
crease the  time  spent  in  oral  drill  correspondingly.  Moreover, 
I  would  reduce  the  size  of  the  numbers  used  in  written  work 
and  confine  them  to  those  of  common  occurrence.  I  would 
use  smaller  numbers  and  give  more  problems  rather  than  ob- 
scure the  process  with  numbers  that  are  unnecessarily  large. 
For  example,  in  dealing  with  fractions  I  would  use  as  a  rule 
halves,  thirds,  quarters,  eighths,  tenths,  sixteenths,  and  thirty- 
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seconds,  avoiding  sevenths,  elevenths,  thirteenths,  etc.,  and  re- 
strict all  denominators  to  two  figures.  It  goes  without  saying 
that  fractions  whose  denominators  end  in  zero  should  be  treated 
as  decimals  whenever  possible  on  account  of  the  saving  of  time 
and  labor,  and  all  use  of  fractions  should  be  discouraged  for 
the  same  reason.  The  subject  of  complex  fractions  should  be 
omitted  altogether  from  the  elementary  course.  In  both  mul- 
tiplication and  division  of  fractions  it  should  be  considered  a 
serious  offense  to  omit  any  possible  cancellation. 

Before  leaving  the  subject  of  fractions  I  wish  to  call  your 
attention  to  the  blessing  that  would  be  ours  if  we  did  not  have 
to  deal  with  fractions  at  all,  except  in  mental  work,  and  how 
nearly  this  would  be  the  case  if  our  system  of  denominate  num- 
bers were  anything  but  the  abomination  that  it  is.  I  have  made 
it  a  business  for  a  long  time  to  see  that  every  pupil  who  comes 
under  my  charge  thoroughly  realizes  this  fact;  and  if  every 
public  school  teacher  would  do  the  same  it  would  not  be  as 
difficult  in  the  next  generation  as  it  seems  to  be  in  this  to  bring 
about  a  reform  that  has  already  been  delayed  too  long.  This 
bit  of  instruction  I  am  obliged  to  give  in  connection  with  work 
in  the  metric  system  in  the  early  part  of  the  course  in  science, 
and  it  takes  the  form  of  several  examples  like  the  following: 

1.  (a)   How   far  would  six  tables  extend  if  placed  end  to 
end,  each  table  being  3  feet  10 J/^  inches  long? 

(&)    How   far  would  the  same  tables  extend,   each  one 
being  three  meters  10 J^  centimeters  long? 

2.  (a)  Find  the  weight  of  10  cubic  inches  of  water. 

{b)  Find  the  weight  of  10  cubic  centimeters  of  water. 

These  examples  are  done  in  columns  on  the  same  sheet  of 
paper,  part  (b)  of  each  example  being  opposite  part  (a),  and 
it  does  not  take  many  of  them  to  convince  pupils  that  a  decimal 
system  is  a  great  saving  of  time.  I  might  add,  also,  that  the 
adoption  of  such  a  system  in  this  country  would  mean  a  saving 
in  the  science  course  in  the  high  school,  where  considerable 
time  is  always  necessary  in  teaching  the  equivalents  and  in  mak- 
ing changes  from  one  system  to  the  other.  The  mathematics  of 
thermometry,  for  instance,  would  be  entirely  unnecessary  under 
the  metric  system  and  the  term  specific  gravity  would  go  out 
of  use. 

For  a  long  time  it  was  thought  that  there  could  be  nothing 
new  in  regard  to  teaching  the  fundamental  operations,  but  the 
method  of  additive  subtraction  which  has  come  into  recent  use 
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has  practically  reduced  the  number  of  such  operations  from 
four  to  three.  This  method  of  subtraction  is  probably  so  fa- 
miliar to  you  that  it  needs  no  explanation,  and  consists  simply 
in  determining  what  number  added  to  the  subtrahend  will  give 
the  minuend.  For  example,  the  pupil  is  taught  to  ask  himself 
what  number  added  to  five  will  give  eight,  not  how  much  is 
five  from  eight. 

In  teaching  decimals  I  have  only  to  recommend  that  method 
of  division  which  consists  in  moving  the  decimal  point  as  many 
places  in  both  dividend  and  divisor  as  will  make  the  latter  a 
whole  number,  writing  the  quotient  above  the  dividend.  This 
brings  the  decimal  point  in  the  quotient  in  a  vertical  line  with 
that  of  the  dividend,  and  although  it  is  still  a  mechanical  device 
it  has  the  advantage  over  the  older  method  of  greater  sim- 
plicity and  therefore  it  is  an  economizer  of  teaching  time. 

A  similar  method  might  be  employed  in  the  multiplication 
of  decimals  but  I  have  never  heard  it  suggested,  and  it  lacks 
some  of  the  advantages  of  the  method  just  suggested  in  con- 
nection with  division.  In  multiplying  34.7  by  1.87,  for  instance, 
we  might  change  the  decimal  point  in  the  multiplier  in  such 
a  way  as  to  make  the  latter  a  whole  number,  at  the  same  time 
changing  the  point  in  the  multiplicand  just  as  many  places  in 
the  opposite  direction.  The  decimal  point  in  the  product  would 
then  come  in  a  vertical  line  with  that  in  the  multiplicand. 


34.7 

.347 

1.87 

187. 

1389 

2776 

347 

64.849 

In  teaching  denominate  numbers  there  has  already  been  a 
considerable  reduction  in  the  content  of  the  subject,  but  I  think 
there  is  opportunity  for  still  further  pruning.  Due  perhaps  to 
the  unconscious  realization  of  the  difficulties  of  our  system,  or 
lack  of  system,  there  has  been  going  on  in  the  past  few  years 
a  process  of  evolution  which  is  tending  to  eliminate  some  of 
our  units  of  measure  altogether,  and  to  change  others  so  that 
they  will  be  a  little  less  difficult  to  handle.  As  illustrations  of 
this  let  me  call  your  attention  to  the  growing  tendency  to  allow 
the*  unit  of  length  called  the  rod  to  fall  into  disuse.  Compara- 
tively few  people  now  think  in  rods,  and  I  for  one  am  obliged 
to  go  through  the  troublesome  mental  calculation  of  changing 
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to  feet  whenever  rods  are  used.  The  same  is  true  to  a  less 
extent  with  the  yard,  and  I  confess  that  the  distance  loo  yards 
means  little  to  me  until  I  translate  it  into  feet.  I  am  disposed 
to  omit  the  rod  entirely  from  the  table  of  linear  measure  and 
place  it  in  a  footnote  along  with  the  fathom,  furlong,  league 
and  other  units  once  in  common  use.  Another  unit  which  is 
going  through  the  same  process  is  the  gill.  The  dozen  and  the 
gross  are  now  not  nearly  as  common  as  formerly,  dozens  giv- 
ing place  to  tens  and  gross  to  hundreds,  and  if  a  name  were 
invented  for  a  group  of  ten  this  process  would  no  doubt  be 
greatly  accelerated.  Many  commercial  articles  are  now  sold 
in  tens  instead  of  dozens,  and  I  am  obliged  to  acknowledge 
that  sometimes  there  is  no  appreciable  difference  in  the  price 
to  the  consumer.  In  the  stationer's  table  the  same  movement 
is  going  on,  the  quire  of  twenty-four  sheets  giving  place  to  one 
of  twenty-five,  and  the  ream  of  -|.8o  sheets  to  one  of  500.  Ar- 
ticles that  were  formerly  sold  in  units  of  dry  measure  are  now 
sold  by  weight  and  the  apothecary's  pound  is  being  merged 
into  that  of  the  grocer. 

In  all  these  steps  I  am  in  favor  of  aiding  the  process  so  far 
as  possible  and  would  suggest  that  little  time  be  spent  on  those 
units  that  I  have  mentioned,  as  we  are  now  doing  with  some 
others  that  have  practically  disappeared. 

Mensuration  might  well  be  confined  to  rectangles  and  trian- 
gles. The  trapezoid,  which  only  occurs  in  board  measure,  can 
be  treated  as  a  rectangle,  taking  the  average  width  of  the  board 
as  the  width  of  the  rectangle.  Carpeting  and  papering  could 
be  omitted  from  the  elementary  course  and  left  for  the  high 
school,  as  well  as  such  subjects  as  longitude  and  time,  present 
worth  and  true  discount,  commission,  duties  and  customs,  stocks 
and  bonds,  and  exchange.  These  subjects  all  offer  difficulties 
that  are  too  serious  for  the  immature  pupils  of  the  lower  grade 
and  belong  properly  in  a  higher  course. 

In  square  root  where  only  comparatively  small  numbers 
should  be  used  the  method  based  on  the  square  of  the  binomial 
should  not  be  attempted.  The  method  of  resolving  into  prime 
factors  is  easily  understood  and  is  applicable  to  many  cases, 
but  for  numbers  that  are  not  easily  factorable  the  method  of 
repeated  trial  may  be  used.*  This  involves  the  teaching  of  no 
new  process  and  is  easy  to  explain,  although  not  economical  of 
figures  in  some  cases. 


JThia  method  is  described  by  Mr.  Georsre  W.  Bvuis  in  his  recent  monoffrmph.  75^ 
Tfachtng  of  Hue  h  School  Mathematics  (35  cents),  published  by  Houffhton.  Mifflin  &  Co. 
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I  have  tried  to  suggest  thus  far  a  few  ways  in  which  time 
might  be  saved  from  the  written  work  in  arithmetic  in  order 
that  it  might  be  devoted  to  the  everlasting  drill  that  is  neces- 
sary if  we  are  to  secure  any  degree  of  accuracy.  For  there  is 
no  royal  road  to  accuracy  and  speed,  and  the  only  way  to  secure 
them  is  to  establish  a  condition  of  mind  that  produces  an  in- 
stant and  automatic  reaction  in  the  presence  of  certain  condi- 
tions without  the  intervention  of  any  act  of  judgment.  This 
does  not  mean  that  the  pupils  are  to  be  taught  not  to  think,  but 
that  they  should  be  relieved  at  the  place  where  thinking  is  of 
no  use  in  order  that  they  may  use  their  powers  to  better  advan- 
tage in  situations  that  require  them.  And  this  reminds  me  that 
there  is  one  time  in  the  solution  of.  every  problem  when  most 
children  consider  that  their  thinking  is  done,  and  that  is  when 
they  have  arrived  at  a  result.  It  matters  little  what  the  result 
may  be  so  long  as  it  may  be  labeled  ANS.  and  placed  in  a  se- 
lected spot  on  the  paper  or  board. 

Now,  next  in  importance  to  securing  accuracy  is  the  ability 
to  detect  inaccuracy,  and  contrary  to  a  common  conception 
among  children  this  ability  should  be  developed  in  the  pupil  and 
not  in  the  teacher.  Consequently  I  believe  we  might  profitably' 
spend  more  time  in  teaching  the  pupil  how  to  test  his  results, 
by  accurate  or  by  rough  checking,  the  latter  always  and  the 
former  whenever  possible.  We  are  all  familiar  with  the  pupil 
who  will  unblushingly  offer  the  information  that  a  company 
of  men  must  be  formed  with  12^  men  in  the  platoon,  or  that 
it  will  cost  $64.79  f<^r  stock  to  build  a  pine  box  to  hold  his 
pencil,  eraser,  and  penholder.  It  has  been  said  that  the  most 
valuable  man  in  a  shop  is  the  one  who  can  guess  within  ten 
per  cent,  and  this  is  undoubtedly  true,  but  to  be  of  most  value 
the  guess  should  precede  the  formal  solution,  not  occasionally 
but  always.  That  is,  the  pupil  should  spend  considerable  time 
in  thinking  over  the  condition  of  a  problem  and  make  a  rough 
estimate  of  what  the  result  of  his  calculations  should  be  before 
he  is  allowed  to  touch  pencil  and  paper.  Then  having  reached 
a  result  he  should  be  taught  to  ask  himself,  "Is  it  possible?" 
and  "Is  it  reasonable?"  This  is  a  method  or  procedure  that 
I  have  never  seen  regularly  and  systematically  carried  out,  but 
I  believe  it  would  be  well  worth  the  time  required. 

In  this  connection  let  me  call  your  attention  also  to  that  time 
saving  device  called  the  slide  rule,  not  because  I  believe  in  teach- 
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ing  its  use  to  elementary  school  children,  but  because  it  would 
be  upon  every  teacher's  desk  if  its  advantages  were  once  real- 
ized. It  can  be  used  in  many  sorts  of  calculations  involving 
only  multiplication  and  division,  the  result  being  read  directly 
from  the*  scale,  and  contrary  to  the  common  belief  its  manipu- 
lation is  easily  learned. 

Having  eliminated  certain  parts  of  the  subject  in  the  lower 
grades  there  are  others  that  could  be  emphasized  to  the  advan- 
tage of  those  who  leave  school  early,  especially  in  classes  of 
boys.  There  are  few  indeed  who  do  not  stand  in  need  of  a 
knowledge  of  bills  and  accounts,  and  many  are  at  one  time 
or  another  concerned  with  notes,  cooperative  and  savings  banks, 
life  insurance,  taxes,  and  mortgages.  Among  foreigners,  es- 
pecially in  the  smaller  cities  and  towns,  there  is  a  well-defined 
tendency  to  buy  small  pieces  of  land  at  a  little  distance  from 
the  center  of  population,  the  capital  being  secured  by  means 
of  notes  or  mortgages,  and  through  their  ignorance  these  people 
are  often  defrauded  of  what  to  them  are  large  sums  by  unscrup- 
ulous speculators.  Therefore  it  seems  that  the  simpler  trans- 
actions of  banks  and  real  estate  dealers  deserve  some  considera- 
tion in  the  latter  part  of  the  elementary  school  course.  Interest, 
both  simple  and  compound,  should  be  emphasized.  The  former 
should  be  taught  by  the  two  months  method,  and  the  latter  by 
means  of  tables  after  some  simple  preliminary  work  to  bring 
out  the  principle  involved. 

As  an  introduction  to  work  in  percentage  some  instruction 
should  be  given  in  handling  the  simple  equations,  as  many  of 
the  problems  involving  base,  rate,  percentage,  and  the  amount 
are  much  simplified  by  the  use  of  symbols,  these  symbols  con- 
sisting of  the  initial  letters  of  the  words  for  which  they  stand. 
For  instance,  it  is  entirely  within  the  comprehension  of  a  sev- 
enth or  eighth  grade  pupil  that  P=BXR  is  only  a  shorter  way 
of  saying  that  percentage  is  equal  to  the  base  multiplied  by  the 
rate,  and  having  once  learned  this  and  the  fact  that  both  mem- 
bers of  an  equation  may  be  multiplied  or  divided  by  the  same 
quantity,  he  does  not  need  to  puzzle  his  brains  to  think  whether 
the  rate  is  equal  to  the  percentage  multiplied  by  the  base,  or 
the  percentage  divided  by  the  base.  He  can  pass  easily  from 
the  statement  P=BXR  to  the  others  P/B=R,  and  P/R=B. 
Similarly  since  P=BXR  and  A=B+P  then  he  can  be  made 
to  see  that  A=B-fBxR  and  A=B(i-fR).  If  this  method 
of  approach  is  too  difficult  for  the  class  in  hand  then  the  latter 
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part  of  the  above  should  be  postponed  until  a  later  date,  but  I 
do  not  believe  that  this  will  be  the  case. 

Tn  regard  to  board  measure  and  the  areas  of  surfaces  when 
the  latter  are  expressed  in  feet  and  inches,  I  wish  to  call  your 
attention  to  a  short  method  of  calculation  which  is  still  used 
as  a  rule  of  thumb  by  some  carpenters  of  the  older  generation 
but  which  has  entirely  disappeared  from  the  arithmetics  of  the 
present  day.  Suppose  for  instance  that  we  wish  to  find  the 
area  of  a  surface  that  is  eight  feet  four  inches  long  and  six 
feet  ten  inches  wide.  The  usual  method  is  to  reduce  both  di- 
mensions to  inches,  multiplying  the  resulting  equivalents  and 
divide  by  144,  thus: 

7  ft.  3  in. =87  sq.  in. 

6  ft.  10  in.=82  sq.  in. 

87  in.X82  in.=7,i34  sq.  in. 

7,134  sq.  in.~-i44  in.=49  sq.  ft.  78  sq.  in. 

Now  one  of  the  carpenters  mentioned  would  proceed  as  fol- 
lows: 


7  ft. 
6  ft. 

3  in. 
10  in. 

42  sq. 

70  parts  30  sq. 
ft.  18  *• 

in. 

42  sq. 
7sq. 

ft.  88  parts  30  sq. 
ft.       48  sq. 

in. 
in. 

49  sq.  It.  78  sq.  in. 

If  he  reasoned  at  all  about  the  matter  he  would  say,  "When 
I  multiply  inches  by  inches  I  get  square  inches.  When  I  mul- 
tiply feet  by  inches  or  inches  by  feet  I  get  a  unit  which  is  one- 
twelfth  of  a  square  foot  or  12  square  inches.  When  I  multiply 
feet  by  feet  I  get  square  feet.  Now  the  first  and  last  units  are 
the  only  ones  in  common  use  so  I  will  change  the  third  into 
square  feet  and  square  inches."  You  will  notice  that  this  in- 
volves only  multiplication  and  division  which  can  be  done  men- 
tally and  a  little  addition,  an  improvement  I  think  over  the 
first  method ;  the  chances  for  mistakes  being  in  the  ratio  of  one 
to  five  at  the  very  outside.  This  process  need  not  of  course 
be  confined  to  cases  involving  feet  and  inches,  but  can  be 
adapted  to  the  mensuration  of  any  surface  whose  dimensions 
are  expressed  in  the  same  two  units,  if  care  be  taken  to  deter- 
mine the  relation  of  these  units  to  the  third  which  it  becomes 
necessary  to  use.  If  for  instance  we  wish  to  find  the  area  of 
a  surface  seven  yards  two  feet  long  by  four  yards  one  and  one 
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half  feet  wide,  it  can  be  done  in  exactly  the  same  way.    Thus: 
yd.  ft. 


7 

2 

4 

\Vi 

10)4 

3 

28 

8 

28 

18>4 

3 

6 

\% 

34  4>i 

There  are  a  few  short  cuts  in  the  longer  operations  of  mul- 
tiplication and  division  that  deserve  some  time  in  the  latter 
part  of  the  course  but  they  are  very  few,  and  among  them  may 
be  mentioned  these,  which  are  valuable  particularly  in  rough 
checking : 


1. 

784 

213 

2352 

16464 

2. 
3. 
4. 
5. 
6. 

166992 
634X98=63400—1268=62132. 
217X25-=21700+4— 5425. 
14.8-5-12>i=.1480X8=l.lS4. 
347X11=3817. 
(27)»=:(25-f2)«=625+100+4=729. 

In  .conclusion  I  wish  to  suggest  the  addition  of  one  topic  to 
the  subject  in  the  elementary  grades — one  for  which  there  was 
little  need  ten  years  ago,  but  one  which  now  demands  some 
notice.  I  refer  to  the  graphical  representation  of  the  relation 
of  two  quantities  sometimes  in  the  form  of  two  areas,  and  some- 
times that  of  a  curve.  The  comparative  sizes  of  armies  are 
often  shown  by  men  dressed  in  the  national  costumes,  or  the 
per  capita  wealth  of  countries  by  bags  of  gold,  and  the  weather 
man  shows  by  isobars  and  isotherms  the  variations  in  pressure 
and  temperature  throughout  the  country.  Furthermore,  the 
Harvard-Yale  football  game  is  reported  in  diagram  in  the  Sun- 
day paper,  and  what  could  be  more  important  than  we 
should  all  be  able  to  follow  every  play?  But  seriously  I  have 
had  pupils  show  more  interest  in  finding  the  cause  in  the  sud- 
den change  in  the  slope  of  a  graph  representing  the  growth  of 
population  in  the  United  States  since  1789  than  they  ever  did 
in  a  formal  history  lesson,  and  incidentally  I  think  they  learned 
more  history.  This  is  a  kind  of  work  that  appeals  to  younger 
people  and  might  I  believe  be  begun  in  the  elementary,  schools. 
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There  is  one  feature  of  the  matter,  however,  which  I  confess 
gives  me  some  uneasiness,  and  that  is  the  persistency  with 
which  pupils  speak  of  the  process  as  "grafting."  I  try  to  get 
around  this  by  giving  them  a  piece  of  coordinate  paper  and 
telling  them  that  anything  that  is  plotted  on  the  square  cannot 
be  grafting. 

To  conclude  this  rather  haphazard  collection  of  suggestions 
let  me  say  that  my  work  for  the  past  ten  years  has  been  in  a 
high  school  for  boys  and  consequently  my  intimate  knowledge 
of  grammar  school  methods  may  be  considerably  out  of  date. 
It  may  be  that  all  the  suggestions  I  have  made  that  are  worthy 
of  attention  have  long  since  been  adopted  and  that  many  others 
of  which  I  never  dreamed  have  been  put  into  practice. 

OONOERNma  LOOL 

By  Rose  Standish  Hardwick, 
The  Mary  A.  Burnham  School,  Northampton,  Mass. 

That  the  subject  of  loci  has  gained  greatly  both  in  prominence 
and  in  real  importance  in  the  last  twenty  years  is  evident;  that 
this  gain  is  likely  to  continue  for  some  time  to  come  would  prob- 
ably be  granted  by  most  people  who  are  in  touch  with  the  mathe- 
matical work  of  secondary  schools  and  colleges. 

Perhaps  it  is  safe  to  assume  that  in  view  of  these  facts  not  a 
few  teachers  in  secondary  schools  share  my  own  dissatisfaction 
with  the  usual  treatment  of  the  subject.  It  seems  to  stand  by  it- 
self, not  an  integral  part  of  elementary  geometry  but  a  side  issue ; 
an  edge  tool  that  wounds  the  user  as  often  as  it  helps  him.  We 
feel  that  it  should  be  a  most  fruitful  conception,  something  that 
relates  more  closely  and  securely  many  other  conceptions  and  at 
the  same  time  leads  on  to  the  discovery  of  still  other  relations 
both  interesting  and  useful.  Instead  we  find  it  too  often  only 
one  more  fagot  laid  on  burdened  shoulders  and  always  in  danger 
of  toppling  off! 

Of  course,  if  the  student  goes  on,  these  difficulties  tend  to  dis- 
appear, and  sooner  or  later  he  comes  to  a  full,  and  a  grateful,  ap- 
preciation of  this  method.  But  are  the  difficulties  unavoidable  ?  Is 
there  no  way  to  reach  firm  ground  except  through  the  Slough  of 
Despond  ?    And  what  of  those  who  do  not  go  on  ? 

My  own  solution  of  the  problem  has  been  worked  out  gradu- 
ally in  the  course  of  the  last  ten  years  of  teaching,  and  has  now 
been  sufficiently  tested  to  justify  my  offering  it  to  others  whom 
it  mav  concern. 
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For  the  clues  in  this  case,  as  in  many  another,  I  am  indebted  to 
William  F.  Bradbury,  under  whom,  as  head  master  of  the  Cam- 
bridge Latin  School,  it  was  my  good  fortune  to  teach.  He  pro- 
ceeds on  the  supposition  that  the  notion  of  "direction"  is  ele- 
mentary, and  by  utilizing  this  notion  he  is  able  to  give  for  straight 
line,  parallel  line,  and  angle,  a  set  of  definitions  from  which  the 
subject  of  loci  develops  almost  automatically. 

"A  straight  line  is  a  line  that  has  the  same  direction  through- 
out." 

"Parallel  lines  are  lines  that  have  the  same  direction." 

"An  angle  is  the  difference  of  direction  between  two  lines." 

Every  child  by  the  time  he  reaches  high  school  understands 
what  IS  meant  by  "direction"  and  by  the  "same  direction."  It  is 
often  necessary  to  draw  attention  to  the  fact  that  not  all  "differ- 
ent" directions  are  "opposite,"  but  a  few  words  make  that  clear. 
The  first  two  of  the  above  definitions  commend  themselves  at 
once  to  the  pupil.  The  third  calls  for  some  discussion,  but  is  not 
difficult  to  make  clear  even  to  beginners  with  the  aid  of  the  ro- 
tating line.  Once  fairly  well  grasped  these  three  statements 
stand  in  no  need  of  correction  or  explanation,  but  become  con- 
tinually clearer  and  more  significant  with  use;  at  the  same  time 
leading  the  mind  forward,  so  to  speak,  and  preparing  it  to  wel- 
come and  appreciate  a  multitude  of  new  relations. 

The  next  point  to  be  made  clear  is  the  fact  that  a  line  is  de- 
termined when  one  point  and  its  direction  are  known.  It  is  worth 
while  to  go  into  this  in  detail,  showing  how  an  indefinite  number 
of  lines  can  be  drawn  in  any  given  direction,  and  an  indefinite 
number  through  any  given  point,  but  only  one  which  both  takes 
the  given  direction  and  passes  through  the  given  point.  If  at 
the  same  time  the  determining  of  a  line  by  means  of  two  points  is 
discussed,  it  is  well  to  draw  attention  to  the  fact  that  in  either 
case  two,  and  only  two,  conditions  are  necessary,  or,  in  other 
words,  that  two  conditions  are  necessary  and  sufficient  for  the 
determining  of  a  straight  line. 

The  student  is  now  ready  for  the  notion  of  a  locus.  I  have 
found  the  following  definition  satisfactory  at  this  stage: 

"When  a  point  moves  according  to  some  fixed  law  (or  given 
condition)  the  line,  or  system  of  lines,  which  it  describes  is  called 
its  locus." 

I  tell  the  class  that  they  will  not  see  at  once  the  need  of  the 
phrase  "or  system  of  lines,"  but  that  they  will  see  it  before  we  go 
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very  far.  As  I  work  in  this  topic  along  with  the  usual  introduc- 
tory definitions,  the  class  is  already  familiar  with  the  idea  that  a 
point  in  motion  generates  a  line,  and  the  only  new  conception  is 
that  of  motion  according  to  law.  This  is  readily  illustrated  by 
what  I  am  in  the  habit  of  giving  as  the  first  locus. 

No.  I.  The  locus  of  a  point  in  a  given  direction  from  a  given 
point  is  a  straight  line  drawn  from  the  given  point  in  the  given 
direction. 

This  is  followed  at  once  by  an  application  in  the  problem :  To 
find  a  point,  knowing  its  direction  from  two  given  points.  The 
solution  is  found  by  intersection  of  loci,  and  in  the  discussion  it 
is  seen  that  the  problem  may  have 

( 1 )  One  solution,  the  only  case  usually  considered, 

(2)  No  solution,  when  the  loci  are  parallel. 


^» 


or  when  an  intersection  can  be  found  only  by  prolonging  them 
backward  through  the  origin 


(3)     An  indefinite  number  of  solutions,  when  the  two  loci  coin- 
cide through  a  part  of  their  extent 


As  ^  B 

Special  cases  of  this  problem  are  found  in  the  proof  by  super- 
position of  the  equality,  or  congruence,  of  two  triangles  having 
a  side  and  the  two  adjacent  angles  of  one  equal  respectively  to  a 
side  and  the  two  adjacent  angles  of  the  other ;  and  in  the  corre- 
sponding problem  of  constructing  a  triangle  when  a  side  and  the 
two  adjacent  angles  are  known,  etc.  Whenever  these  proposi- 
tions are  studied,  their  connection  with  Locus  No.  i  should  be 
brought  out,  and  emphasis  laid  on  the  fact  that  the  directions  of 
the  lines  are  given  by  means  of  angles  in  accordance  with  the 
definition  of  angle  which  has  been  adopted. 

If  the  definition  of  circle  has  not  been  given  already,  it  will  be 
needed  now,  and  the  fact  should  be  carefully  discussed  that  a 
circle  is  determined  only  when  both  center  and  radius  are  known. 
We  are  then  ready  for — 
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No.  2.  The  locus  of  a  point  at  a  given  distance  from  a  given 
point  is  the  circle  described  with  the  given  point  as  center  and 
the  given  distance  as  radius. 

This  also  finds  immediate  application  in  the  problem  of  de- 
termining a  point  when  its  distances  from  two  known  points  are 
given;  and  we  have  there  the  six  positions  of  the  circles,  two 
giving  intersecting  loci  and  therefore  two  solutions,  two  giving 
tangent  loci  and  therefore  one  solution,  and  two  in  which  the 
loci  have  no  point  in  common  and  therefore  we  have  no  solution. 
It  is  hardly  necessary  to  mention  the  special  cases  of  this  prob- 
lem in  the  usual  series  of  propositions. 

The  next  step  is  to  apply  No.  i  and  No.  2  together  in  the  prob- 
lems: 

To  find  a  point  whose  distance  and  direction  from  a  fixed 
point  are  known,  and 

To  find  a  point  knowing  its  distance  from  one  fixed  point  and 
its  direction  from  another. 

In  the  first  of  these  we  have  a  problem  which  is  never  im- 
possible and  for  which  there  is  never  more  than  one  solution, 
while  the  second  yields  a  wealth  of  special  cases  which  classes 
generally  will  discuss  with  enthusiasm.  Before  leaving  these  two 
loci  it  is  well  to  bring  out  the  fact  that,  whereas  two  conditions 
are  necessary  and  sufficient  to  determine  a  straight  line,  two  con- 
ditions are  necessary  but  not  always  sufficient  to  determine  a 
point. 

Then,  as  occasion  offers,  the  following  loci  may  be  brought  up 
for  discussion : 

No.  3.  The  locus  of  a  point  equidistant  from  two  parallels  is 
a  third  line,  parallel  to  the  two  given  lines,  and  midway  between 
them. 

No.  4.  The  locus  of  a  point  at  a  given  distance  from  a  given 
line  is  a  system  of  two  lines,  parallel  to  the  given  line  and  at  the 
given  distance  on  each  side  of  it. 

No.  5.  The  locus  of  a  point  at  a  g^ven  distance  from  a  given 
circle  is  a  system  of  two  circles,  concentric  with  the  given  circle, 
and  having  for  their  radii  respectively  the  sum  and  difference  of 
the  radius  of  the  given  circle  and  the  given  distance. 

A  number  of  problems  will  suggest  themselves,  which  can  be 
solved  by  different  combinations  of  these  five  loci,  and  which 
afford  excellent  material  to  give  as  unprepared  work  in  odd  min- 
utes, or  for  the  sake  of  variety. 

Thus  far  we  have  dealt  only  with  loci  which  follow  as  corollaries 
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from  the  definitions.  By  the  time,  however,  that  the  class  reach 
in  the  regular  order  of  the  course  the  theorems  on  the  perpen- 
dicular bisector  of  a  line  and  on  the  bisector  of  an  angle,  they 
will  be  prepared  to  understand : 

(i)  The  difference  between  a  partial  locus  and  a  complete 
locus ; 

(2)  That  every  locus  theorem  is  a  concise  statement  of  an 
ordinary  theorem  and  its  converse;  and  therefore 

(3)  That,  when  a  locus  theorem  calls  for  proof,  it  is  neces- 
sary to  prove,  not  only  that  any  point  in  the  proposed  locus  meets 
the  given  conditions,  but  also  that  any  point  not  in  it  does  not 
satisfy  those  conditions;  and,  finally, 

(4)  That  when  the  character  of  a  locus  is  not  at  once  evident, 
it  can  be  discovered  by  locating  a  sufficient  number  of  points. 

And  before  we  leave  these  theorems  they  are  ready  to  accept 
and  to  appreciate  the  second  definition  of  locus,  vis. : 

"A  geometric  locus  is  the  position  of  all  points  that  fulfill  a 
given  condition." 

From  this  time  on,  the  development  of  the  subject  must  depend 
on  circumstances.  It  is  well,  especially  at  first,  not  to  give  much 
of  this  material  in  a  single  lesson,  and  it  is  also  well  not  to  let  the 
subject  drop  entirely  for  very  long  at  a  time.  Of  course  the  more 
practice  the  student  can  have  in  the  investigation  and  the  use  of 
loci  the  better ;  but  he  is  now  in  possession  of  the  field,  as  inci- 
dentally he  has  learned  some  valuable  lessons  as  to  what  con- 
stitutes a  thorough  discussion  of  a  mathematical  problem. 


OOUNTBY  LACKS  TIN  DEPOSITS. 

Tin  is  one  of  the  minerals  in  workable  deposits  of  which  the  United 
States  is  lacking.  Our  production  in  1910  was  valued  at  only  $23,447, 
according  to  the  United  States  Geological  Survey,  while  our  importations 
were  worth  $33,913,255.    We  need  one  or  two  large  tin  mines. 


NEW  TYPE  OP  OIL. 

The  oil  from  the  large  well  recently  drilled  by  the  Myles  Mineral 
Company  at  Pine  Prairie,  La.,  is  remarkable,  according  to  an  analysis 
made  by  the  United  States  Geological  Survey,  in  that  it  contains  no 
asphalt,  gasoline,  or  paraffin  wax.  The  crude  product  contains  a  very 
large  percentage  of  illuminating  oil.  In  composition  the  oil  stands  about 
halfway  between  the  oil  of  the  Gulf  field  and  that  of  the  Caddo  field. 

The  well  has  been  connected  with  pipe  lines  and  loading  rack  on  the 
Rock  Island  Railroad,  from  which  shipments  are  now  being  made.  Eight 
other  wells  are  in  process  of  drilling. 
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APPLHO)  BOTANY. 

By  George  A.  Works, 
Instructor  in  Agricultural  Education,  University  of  Wisconsin. 

The  phases  of  this  course  in  botany  which  are  here  outlined 
are  the  results  of  six  years'  use  of  the  material  in  an  effort  to 
develop  a  course  adapted  to  the  interests  and  needs  of  the  con- 
stituency of  a  high  school  in  a  community  which  is  essentially 
rural.  The  outline  is  not  offered  as  a  complete  course  in  botany, 
as  only  what  may  be  termed  the  "applicable"  portions  of  the 
work  are  given. 

In  the  work  on  seeds  a  study  was  made  of  the  following  top- 
ics: selection,  identification,  proper  care,  judging  of  quality,  and 
germination  tests  that  could  be  used  under  ordinary  farm  and 
home  conditions.  The  work  was  centered  around  a  more  or 
less  intensive  study  of  corn  with  comparative  consideration  of 
other  seeds.  It  was  not  thought  sufficient  that  the  pupil  should 
merely  watch  the  germination  of  a  miscellaneous  collection  of 
kernels  of  corn,  but  he  was  required  to  make  ear  tests  according 
to  the  most  approved  methods.  Conditions  necessary  for  ger- 
mination found  many  applications  in  farm  and  garden  practice. 
A  limited  study  was  made  of  the  food  constituents  of  some  of 
the  more  common  seeds,  which  study  terminated  in  a  considera- 
tion of  their  use  for  human  food  as  well  as  for  lower  animals. 
This  laid  the  basis  for  the  development  of  some  idea  of  the  im- 
portance of  the  great  cereal  crops. 

Because  of  the  increasing  importance  of  noxious  weeds,  the 
pupils  were  familiarized  with  the  common  local  species.  This  iden- 
tification was  accompanied  by  a  study  of  the  botanical  pecul- 
iarities of  the  plants  which  made  them  so.  objectionable,  such 
as  methods  of  seed  distribution  and  vegetative  reproduction. 
This  study  was  accompanied  by  a  consideration  of  the  methods* 
of  eradication.  Members  of  this  group  furnish  some  of  the 
best  material  for  a  study  of  seed  and  fruit  distribution. 

In  the  work  on  stems  a  careful  study  was  made  of  some  of 
the  practical  applications  in  agriculture  and  horticulture  in  con- 
nection with  such  topics  as  vegetative  propagation,  transplant- 
ing, pruning  and  proper  methods  of  treating  tree  injuries. 

If  time  permitted  attention  was  gfiven  to  commercial  products 
derived  from  stems  such  as  turpentine,  resin,  corn  products, 
camphor  and  rubber.  A  parallel  line  of  work  was  conducted  in 
connection  with  the  study  of  roots. 
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In  addition  to  the  various  economic  phases  of  such  character 
as  has  been  suggested,  ■  certain  subjects  were  considered  of  suf- 
ficient importance  to  justify  a  more  detailed  consideration.  These 
topics  included  a  more  or  less  intensive  study  of  a  few  farm 
and  garden  plants;  for  example,  corn,  clover,  potato,  and  the 
oat.  These  are  only  suggestive  as  in  a  different  section  of  the 
country  other  plants  may  be  better  suited  to  class  needs. 

A  little  work  was  done  in  elementary  forestry  mainly  to  -fa- 
miliarize the  pupil  with  some  of  the  common  native  trees,  meth-^ 
ods  of  forest  preservation,  and  the  general  problems  of  forest 
conservation.  It  was  hoped  by  this  means  to  put  the  students 
in  a  position  to  read  about  the  problem  with  a  reasonable  degree 
of  intelligence. 

An  effort  was  made  to  give  the  pupils  an  idea  of  plant  breed- 
ing and  its  significance  in  advancing  agricultural  and  horticul- 
tural conditions.  In  Wisconsin  marked  advances  have  been 
made  in  the  development  of  varieties  of  corn  suited  to  its  cli- 
matic and  soil  conditions  and  hence  the  work  was  centered 
around  this  phase  of  the  problem,  although  not  limited  to  it. 
The  technical  nature  of  the  subject  of  breeding  makes  an  in- 
tensive consideration  out  of  place  with  secondary  school  stu- 
dents. 

Three  or  four  weeks  were  devoted  to  elementary  bacteriology. 
The  following  topics  are  indicative  of  the  character  of  the  work : 
occurrence,  conditions  favorable  for  growth  and  some  of  the 
results  of  the  growth  of  bacteria.  Experimental  work  was  used  to 
illustrate  the  topics  as  far  as  possible.  Some  of  the  experiments 
that  proved  especially  satisfactory  were  tests  to  show  the  pres- 
ence of  bacteria  in  the  air  under  varying  conditions,  to  detect 
them  in  the  soil,  water,  milk,  and  on  the  body.  This  work  was 
followed  by  a  study  of  the  significance  of  bacteria  in  fermenta- 
tion processes,  decay,  nitrogen  fixation,  and  in  a  very  elemen- 
tary way  their  relation  to  some  of  the  common  diseases  found 
among  the  lower  animals  as  well  as  those  of  human  beings. 
Sterilization  and  disinfection  were  illustrated,  also  some  of  the 
more  common  methods  employed  in  the  household  to  protect 
food  materials  against  bacterial  action. 

Because  of  local  conditions  a  study  was  made  of  blue-green 
algae  in  their  relation  to  pollution  of  water  supply.  The  water 
for  the  city  is  drawn  from  a  small  lake  near  by,  and  abundance 
of  illustrative  material  could  be  obtained  by  straining  the  water 
as  it  flowed  from  a  tap  in  the  laboratory.     The  study  of  the 
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Structure  of  the  water  system  together  with  a  consideration  of 
the  conditions  favorable  for  the  growth  of  blue-greens  and  the 
knowledge  the  pupils  already  had  of  bacteria  put  them  in  a 
position  to  understand  the  danger  of  using  the  water.  Methods 
<ii  treating  such  water  so  that  it  might  be  used  for  drinking 
purposes  without  danger  were  taught.  This  portion  of  the 
course  was  found  very  helpful  in  giving  pupils  an  intelligent 
attitude  toward  some  of  the  problems  of  personal  hygiene  and 
of  home  and  public  sanitation.  Such  work  properly  handled 
will  lay  a  foundation  for  intelligent  community  ideals  in  sani- 
tation and  for  proper  cooperation  with  civic  authorities  in  case 
of  outbreaks  of  communicable  diseases.  This  attitude  is  sadly 
lacking  in  the  average  American  community.  Throughout  this 
work  the  *'pure"  phases  of  the  subject  were  determined  largely 
by  the  practical  applications  which  were  to  follow.  In  fact,  a 
consistent  effort  was  made  tA  sel'^ct  such  material  for  study  as 
had  a  bearing  upon  the  coinmunity  life  and  which  had  a  first- 
hand interest  to  the  pupil. 

The  method  of  treatment  of  yeasts  resembled  materially  that 
described  for  bacteria.  The  usefulness  of  the  yeasts  is  sufficient 
to  justify  a  somewhat  detailed  consideration. 

The  fungi  offer  such  an  abundance  of  material  that  care  had 
to  be  exercised  in  the  selection.  The  forms  which  we  found 
best  adapted  to  our  purposes  were  the  following: 

1.  The  mildews  which  were  approached  through  a  study  of 
grape  mildew.  Material  was  easy  to  obtain  and  is  sufficiently 
large  to  be  handled  in  a  satisfactory  manner.  A  study  of  the 
life  history  of  this  form  puts  the  pupil  in  a  position  to  under- 
stand the  significance  of  the  spraying. 

2.  Mucor  served  as  the  basis  of  the  work  with  the  molds 
that  are  of  importance  in  the  household.  The  study  of  the  life 
liistory  and  conditions  favorable  for  growth  and  reproduction 
-enables  the  pupil  to  appreciate  intelligently  the  means  of  pre- 
serving food  from  the  action  of  molds  by  drying,  use  of  chem- 
ical preservatives,  low  temperature,  and  high  temperature  fol- 
lowed by  hermetical  sealing. 

3.  A  careful  study  was  made  of  the  smuts  and  rusts  of 
^ains.  A  method  of  treatment  similar  to  that  indicated  for 
mildews  served  as  a  basis  for  a  discussion  of  the  methods  of 
treating  grain  smut.  The  attention  of  the  students  was  directed 
io  the  efforts  that  are  being  made  to  develop  rust-resistant  grains. 
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4.  A  brief  study  of  the  higher  fungi  was  made  and  the  eco- 
nomic importance  of  the  bracket  fungi  and  the  mushrooms  were 
considered. 

As  has  been  previously  stated,  throughout  the  course  an  ef- 
fort  was  made  so  to  handle  the  work  in  "pure"  botany  that  the 
student  was  able  intelligently  to  connect  it  with  the  applications- 
which  surround  him  on  all  sides.  To  permit  the  work  to  be  a 
consideration  of  so-called  practical  work  without  the  proper 
scientific  basis  would  entirely  defeat  the  purpose  of  such  a 
course. 

The  emphasis  that  was  placed  upon  the  indicated  phases  of 
the  work  meant  that  there  was  necessarily  considerable  elim- 
ination of  material  that  is  usually  found  in  the  botany  course- 
This  elimination  was  made  to  a  considerable  extent  by  decreas- 
ing the  number  of  plant  forms  studied.  The  average  course  is 
developed  so  '&s  to  show  as  compete  an  evolutionary  series  as 
possible.  No  such  effort  was  made  in  this  course.  As  a  result 
the  pupils  had  definite  ideas  of  those  forms  which  were  studied 
instead  of  being  bewildered  by  almost  numberless  studies  of 
forms  the  great  majority  of  which  most  of  the  pupils  will  never 
even  hear  by  name  outside  of  the  classroom.  The  development 
of  an  evolutionary  series  by  the  plant  kingdom  is  an  interesting 
and  valuable  exercise  in  its  place  but  that  place  is  not  in  a  fresh- 
man or  sophomore  class  in  high  school  botany. 

Botany  perhaps  more  than  any  other  high  school  science  has 
suffered  from  an  overburden  of  scientific  terms.  Teachers  have 
often  deceived  themselves  by  thinking  pupils  were  making  real 
progress  in  the  subject  because  they  were  learning  new  terms. 
They  have  mistaken  the  shadow  for  the  substance.  Often  a 
pupil  learns  the  term  without  mastering  the  idea.  Pupils  should 
not  be  allowed  to  grope  about  using  bungling  expressions  be- 
cause of  lack  of  proper  technical  terms:  every  scientific  term 
essential  for  progress  should  be  mastered.  But  we  found  that 
it  was  possible  to  reduce  greatly  the  number  of  terms  that  are 
used  in  the  ordinary  text  in  botany.  This  together  with  the  use 
of  English  words  or  compounds  instead  of  foreign  deriviatives 
has  materially  simplified  the  terminology  problem. 

This  course  is  not  offered  as  one  that  is  above  criticism  nor 
as  one  that  should  be  adopted  in  toto  by  another  school.  It  is 
merely  an  effort  to  put  such  a  content  into  a  high  school  course 
in  botany  as  is  adapted  to  the  needs  and  interest  of  high  school 
students   to   the   end   that   botany   may   accomplish   more    fully- 
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and  completely  the  purposes  it  should  serve  in  a  secondary 
school  made  up  of  people  who  for  the  most  part  will  receive 
no  further  school  training  in  the  subject.  It  is  trite  to  say  that 
there  is  a  public  demand  for  better  preparation  of  the  young 
people  in  our  schools  for  the  conditions  under  which  they  are 
to  live.  The  science  subjects  are  especially  subjected  to  this 
constantly  increasing  pressure.  Especially  is  this  true  in  the 
case  of  botany  as  a  result  of  the  great  wave  of  interest  in  ag- 
ricultural education  which  is  now  sweeping  across  the  country. 
In  many  schools  it  is  being  displaced  by  agriculture.  This  is  a 
mistake.  The  kind  of  agriculture  which  should  be  taught  in 
the  American  high  schopl  should  not  supersede  botany  nor  the 
other  basic  sciences  but  should  accompany  them  and  be  based 
upon  them.  To  prevent  this  substitution  the  teachers  of  botany 
have  before  them  the  problem  of  reorganizing  their  work  in 
this  subject  so  that  it  may  be  built  around  a  core  of  economic 
material.  The  course  that  has  been  outlined  is  but  one  of  a 
considerable  number  of  attempts  that  are  now  being  made  to 
attain  this  end.  There  is  further  need  of  experimental  work  of 
tthis  character.  High  school  teachers  should  assert  their  inde- 
pendence of  the  miniature  college  course  in  botany  because 
•such  work  is  not  adapted  to  the  economic  and  educational  needs 
of  their  pupils. 

The  courses  that  we  now  find  are  the  logical  result  of  the 
rapid  development  of  secondary  school  botany  during  the  last 
twenty-five  years.  The  most  natural  thing  to  be  done  was  to 
put  in  the  organized  material  of  the  college  course  because 
teachers  were  best  prepared  to  handle  it  and  text-books  were 
based  on  such  courses.  But  the  stage  is  passed  when  such  work 
should  dominate  the  high  school.  The  fact  that  teachers  are 
doing  so  much  work  of  an  experimental  nature  in  this  field 
indicates  that  they  are  awakening  to  a  realization  of  this  con- 
dition. The  securing  of  proper  teaching  of  botany  and  other 
high  school  sciences  as  well  is  not  a  problem  that  can  be  solved 
by  the  sporadic  efforts  of  secondary  school  instructors.  Super- 
intendents and  principals  must  lend  their  aid  or  the  work  will 
lack  the  necessary  continuity  because  of  the  limited  tenure  of 
office  of  the  average  high  school  instructor.  But  there  is  even 
a  greater  possibility  for  assistance  on  the  part  of  those  respon- 
sible for  the  administration  of  cour.ses  of  study.  They  may 
turn  to  the  institutions  preparing  teachers  and  justly  demand 
that  these  people  shall  have  a  more  adequate  preparation   for 
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their  work.  Such  preparation  will  mean  that  the  prospective 
teacher  as  a  part  of  his  scientiific  training  will  have  work  that 
will  fit  him  to  seek  out  and  organize  material  adapted  to  the 
high  school  pupils'  interests  and  needs. 

Those  who  undertake  work  of  this  character  may  be  certain 
that  their  efforts  will  be  subject  to  criticism  by  those  who  mis- 
take or  misunderstand  its  aims.  The  following  quotation  is 
illustrative  of  the  point  in  question: 

*V\  radical  phase  of  the  movement  toward  economic  biology 
appears  in  demand  for  lessons  on  all  sorts  of  topics  bearing  on 
horticulture  and  farming,  from  injurious  insects  to  plant  breed- 
ing. Doubtless  in  some  country  high  schools  a  good  deal  of 
such  work  can  be  made  thoroughly  interesting  and  profitable. 
And  in  any  schools  such  matter,  in  very  moderate  amounts,  may 
properly  be  assigned  for  supplementary  reading.  Leaving  out 
business  and  other  technical  courses,  however,  when  one  begins 
to  make  economic  considerations  the  measure  of  educational 
values  he  begins  to  pile  up  absurdities.  As  soon  as  the  teachers 
of  geography,  history  and  geometry  are  willing  to  bend  most 
of  their  respective  efforts  toward  instruction  regarding  com- 
mercial routes,  the  alternation  of  periods  of  activity  and  depres- 
sion in  the  world's  business,  and  mensuration,  it  will  be  time 
for  biology  teachers  to  consider  favorably  corresponding  pseudo- 
utilitarian  innovations.  But  if  the  most  valuable  crop  that  any 
country  can  produce  is  intelligent  men  it  must  follow  that  any 
kind  of  study  which  is  preeminently  suited  to  cultivate  habits 
of  careful  observation  and  orderly  thinking  in  school  children 
is  especially  important." 

The  writer  quite  evidently  loses  sight  of  the  fact  that  if  these 
habits  of  "careful  observation  and  orderly  thinking,"  which  all 
concede  are  highly  desirable,  are  to  be  applied  in  the  after  life 
of  the  pupil  they  must  not  only  be  formed  during  the  period 
of  youth  but  they  must  be  connected  with  the  problems  of  social 
interest  which  are  in  a  large  measure  either  directly  or  indirectly 
of  an  economic  character.  This  habit  formed  during  the  high 
school  period  means  that  in  the  majority  of  cases  the  result  will 
be  not  merely  a  high  school  pupil  in  botany  but  one  who  will  be 
a  lifelong  student  of  these  problems  which  so  vitally  affect 
human  happiness  and  social  progress. 
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FINAL  REPORT  OF  THE  COMMITTEE  ON  METHODS  OF 
TESTING  RESULTS  OF  TEAOHING  PHTSIOGRAPHT. 

The  committee  was  appointed  at  the  Chicago  meeting  of 
the  Central  Association  of  Science  and  Mathematics  Teachers, 
held  in  November,  1909.  A  preliminary  report  was  made  at 
the  Cleveland  meeting  in  1910,  and  a  report  of  progress  at  the 
meeting  in  Chicago  in  1911. 

We  find  that  the  conditions  under  which  physiography  is 
taught  vary  greatly.  In  most  of  the  high  schools  it  is  given 
in  the  first  year;  but  in  some  in  the  second  year,  and  in  still 
others  in  the  third  and  fourth  years.  Many  schools  have 
courses  of  only  a  half  year,  while  others  have  a  full  year.  In 
treatment  some  emphasize  the  atmosphere  and  climate,  others 
the  land. 

We  devised  three  tests  and  asked  teachers  in  many  states 
to  cooperate  with  us  in  giving  them,  to  grade  the  papers 
and  to  send  them  to  us.  We  also  asked  for  a  written  report 
on  the  examination  papers  and  a  statement  of  the  conditions 
under  which  physiography  is  taught.  The  replies  were  most 
cordial  and  gratifying.  From  the  nature  of  the  case  the  tests 
could  be  given  only  at  the  end  of  the  course.  This  is  a  busy 
time  for  teachers  and  pupils.  A  number  of  schools  were  about 
to  close  when  our  request  reached  them.  Some  of  the  teachers 
volunteered  to  give  tests  next  year ;  others,  for  various  reasons 
could  not  give  them.     We  have  results  from  twelve  schools: 

Rochester,  N.  Y.,  East  High  School ;  Ft.  Wayne,  Ind.,  High 
and  Manual  Training  School ;  Ann  Arbor,  Mich.,  High  School ; 
Detroit,  Mich.,  Central  High  School;  Highland  Park,  111., 
Deerfield- Shields  Township  High  School;  Chicago,  111.:  Lewis 
Institute,  Austin  High  School,  Farragut  High  School,  Lake 
View  High  School,  Tuley  High  School;  Rockford,  111.,  High 
School ;  Portland,  Ore.,  Washington  High  School. 

A  few  of  these  schools  were  not  able  to  give  all  of  the  tests. 

Test  No.  1  consists  of  questions  on  the  wind  belts  of  the 
earth.  It  is  the  form  of  test  usually  given.  It  is  given  here 
to  show  that  our  teaching  should  emphasize  the  manner  in 
which  physiographic  conditions  control  life,  and  to  show  how 
they  have  influenced  history. 

Test  No.  2  is  the  interpretation  of  two  typical  weather 
maps.  We  believe  that  the  effects  of  weather  and  climate 
are  so  great  not  only  on  agriculture,  but  also  on  trade  and 
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finance  that  the  study  of  them  becomes  imperative.  Our  gov- 
ernment spends  large  amounts  of  money  in  maintaining  the 
weather  bureau  and  in  making  and  distributing  the  maps; 
most  of  the  daily  papers  publish  forecasts  of  the  weather ;  we 
are  therefore  led  to  the  conclusion  that  every  educated  person 
should  know  the  principles  that  govern  the  weather  and 
should  be  able  to  interpret  the  map.  This  test  is  not  pri- 
marily a  test  of  memory. 

Test  No.  3  consists  of  eight  pictures.  The  problem  for 
each  is  to  classify  the  land  form  and  to  explain  by  what 
physiographic  process  the  results  were  produced.  The  series 
goes  from  very  simple  to  very  complex  phenomena.  In  this 
way  we  are  able  to  find  the  upper  limit  of  the  ability  of  the 
pupils.  The  gradation  is  not  in  the  numerical  order  of  the 
pictures.  As  the  pictures  have  not  been  seen  before,  the  test 
involves  more  than  memory. 

The  accompanying  table  shows  the  results  of  the  tests. 


Test  No.  1 

Tcft  No.  2 

Toil  No.  J 

Toti»-J  Te»U 

1' 

4 

26 

ij 

20 
28 

19 

0 

0 
17 
12 

8 

1 
24 

5 

4 

138 

^"i 

^1 

^1 

4 

•1 

4 

.1 

1 

77 

28 

21 

75 

26 

23 

88 

- 
80 

64 

80 

2 

43 

65 

43 

33 

77 

43 

28 
22 
42 
20 
3 

65 
65 

129 
100 

89 
66 

69 

3 

32 

59 

34 

25 

74 

34 

66 

4 

0 

0 

52 

32 

62 

64 
28 

23 
38 

66 

75 
13 

116 

56 

69 

74 

64 

5 

0 

0 

28 

15 
13 

54 
57 
50 

35 
33 
53 
30 

63 

6 

23 

74 

23 

48 

7 

38 

32 

38 

19 

22 

58 

114 

46 

,  8 

26 

31 
17 
32 

26 

20 

77 

26 

2 

8 

78 

38 

9 

6 

5 

3 

60 

6 

2 
0 
6 

33 

0 

30 

17 
75 

6 

35 

10 

75 

0 

0 

0 
23 
17 

58 

0 
20 
28 

336 

24 
16 

32 

11 

18 

28 
13 

44 

22 

5 

60 

27 

12 

30 

30 

5 

9 
179 

32 

88 

18 
508 

20 

Total 

317 

329 

191 

53 

984 

54 

The  work  shown  in  the  table  is  given  in  different  years  of 
the  high  school.  In  Rochester,  N.  Y.,  it  is  in  the  third  and 
fourth  years;  Ann  Arbor,  Mich.,  second  year;  Ft.  Wayne, 
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Ind.,  second  year;  Rockford,  111.,  second  year.  The  other 
schools  give  it  in  the  first  year.  From  the  grades  in  the 
table  one  could  not  pick  out  the  schools  giving  the  upper 
grade  work.  The  papers  from  the  upper  years  show  a  ma- 
turity in  judgment  and  in  expression  not  found  in  the  first 
year.  There  does  not  seem  to  be  however,  a  corresponding 
increase  in  accuracy  with  advancing  years  in  the  school. 

Since  the  grading  by  teachers  is  variable,  we  have  reviewed 
the  papers  submitted  and  have  graded  them  from  all  of  the 
schools  on  the  same  basis.  The  number  passing  is  as  found 
by  the  committee  and  not  necessarily  as  reported  by  the 
teacher  of  the  class. 

We  regret  we  could  not  extend  the  tests  so  as  to  cover 
other  topics.  For  example,  the  interpretation  of  topographic 
maps  lends  itself  to  such  tests.  We  consider  it  the  duty  of 
American  citizens  to  be  able  to  use  the  contour  maps  which 
the  government  generously  provides  at  a  very  small  cost. 
Where  maps  of  the  home  region  have  been  made,  so  they 
may  be  used  in  the  field,  the  teaching  of  the  use  of  these 
maps  is  less  difficult  than  elsewhere.  Other  topics  suitable 
for  such  tests  are  wind  work;  the  distribution  of  plant  and 
animal  life  in  the  home  state  and  elsewhere;  the  influence 
of  river  valleys  on  the  density  of  population ;  etc. 

We  should  have  been  pleased  to  find  higher  percentages 
than  appear  in  the  table.  In  passing  judgment  we  must  re- 
member that  the  tests  were  set  by  teachers  not  connected 
with  the  schools  in  which  they  were  given;  that  they  are 
of  somewhat  different  nature  than  those  to  which  the  pupils 
were  accustomed ;  and  that  they  were  given  at  the  end  of  the 
year,  when  the  program  is  crowded.  They  were  given  more- 
over to  exemplify  methods  of  testing  rather  than  to  ascertain 
results  accomplished. 

In  case  two  or  more  schools  are  in  the  same  city  we  find 
as  great  a  variation  of  results  as  exists  between  schools  in 
different  cities.  This  holds  true  at  least  for  the  schools  named 
in  our  report. 

A  low  grade  in  a  school  does  not  necessarily  mean  poor 
work  in  that  school.  The  school  may  emphasize  topics  not 
included  in  our  tests.  However,  as  the  tests  are  in  three 
broad  divisions  of  the  subject  we  believe  the  averages  show 
fairly  well  the  work  that  is  being  done. 

Test  No.  1  was  taken  by  317  pupils;  No.  2  by  329;  No.  3 


Digitized  byVjOOQlC 


REPORT  ON  PHYSIOGRAPHY  619 

by  336.  These  represent  a  much  larger  number  for  they 
are  sample  classes  from  the  twelve  schools.  Counting  the 
subdivisions  of  the  questions  we  have  for  test  No.  1,  4,438 
answers;  for  No.  2,  2,632;  for  No,  3,  7,392;  a  total  of  14,462 
answers.     Following  are  the  three  tests : 

Test  No.  1. 

Time  for  the  test,  one  recitation  period. 

1.  In  what  belts  of  wind  and  calm  are  the  deserts  of  the  earth?  Ex- 
plain the  lack  of  rainfall  in  each  belt. 

2.  Mexico  and  the  Sahara  are  situated  in  the  same  belt  of  winds.  The 
eastern  slope  of  the  Mexican  plateau  is  covered  with  forest.  The  Sahara 
is  a  desert.    Explain. 

3.  The  Island  of  Madagascar  (latitude  about  2Xf  South)  has  forests 
on  its  eastern  side  but  on  its  western  side  there  are  grass  lands.    Explain. 

4.  The  Island  of  Jamaica  (latitude  18**  North)  has  mountains  running 
from  east  to  west,  and  reaching  altitudes  of  several  thousand  feet  above 
sea  level. 

0.    What  vegetation  would  you  expect  on  the  north  side  of  this 

island  ? 
b.    What  vegetation  would  you  expect  on  its  south  side? 

5.  a.    In  what  belt  of  winds  do  you  live? 

b.    Explain  the  rainfall  in  the  part  of  this  belt  in  which  you  live. 

6.  a.    In  what  belt  of  natural  vegetation  do  you  live? 

b.  What  are  the  present  great  occupations  of  the  people  of  this 
beh? 

c.  What  are  the  reasons  for  people  engaging  in  these  occupations?" 

7.  a.    What  were  the  early  occupations  of  the  people  of  the  town  in 

which  you  live? 

b.  Why  did  the  town  grow  up  just  where  it  is? 

c.  What  are  the  present  great  industries  in  this  town? 

d.  What  are  the   reasons   for  the  growth  of  these  industries  at 
this  place? 

Test  No.  2. 

Forecasting  the  Weather. 

Time  for  the  test,  twenty  minutes. 

Map  No.  1. 

Forecast  the  weather  for  Chicago,  111.,  for  24  hours  from  the  time  of 
the  observations  shown  on  this  map. 
Let  the  forecast  include: 

o.    Temperature — What  changes   of   temperature   will   there   be   in 
the  24  hours? 

b.  Sky — What  changes  in  the  clearness  or  cloudiness  of  the  sky 
will  there  be  in  the  24  hours? 

c.  During  what  part  of  the  24  hours  will  there  be  rainfall,  if  any? 

d.  Wind — From  what  direction  will  the  wind  come  during  the  24 
hours  ? 
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Map  No.  2. 

Forecast  the  weather  for  Chicago,  111.,  for  24  hours  from  the  time  of 
the  observations  shown  on  this  map. 

Let  the  forecast  include : 

a.  Temperature — What   changes  of   temperature    will   there  be  in 
the  24  hours? 

b.  Sky — What  changes  in  the  clearness  or  cloudiness  of  the  sky 
will  there  be  in  the  24  hours? 

c.  During  what  part  of  the  24  hours  will  there  be  rainfall,  if  any? 

d.  Wind — From    what    direction    will    the    wind   come    during   the 
24  hours? 

Testing  No.  3. 

Time  for  the  test,  one  recitation  period. 

To    tell   what    the   pictures   show   about   physiographic   processes  and 
results. 

For  pictures  number  i  to  number  j,  inclusive,  answer  questions  i.  2. 
and  s. 

1.  What  physiographic  features  are  shown  by  this  picture? 

2.  What  agents  produced  these  features? 

3.  By  what  processes  or  ways  were  these  features  produced? 

For  picture  number  8  answer  only  the  following: 

1.  »Tell  the  changes  which  have  taken  place  on  this  coast  in  the  order 
in  which  they  occurred. 


Picture  No.  1. 
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Picture  No.  7. 


Picture  Na  8. 
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[The  j>Ute8  for  the  westher  maps  were  kindly  loaned  us  hj  the  Chicago  office 
of  the  XL  8.  Weather  Bureau. 

The  cuts  for  the  pictures  were  loaned  by  their  Tarious  owners,  to  whom  we  are 
indebted  for  the  service.     The  pictures  are  from  the  following  sources: 

Picture  No.  1,  Geol.  Surv.  Wis.,  Bui.  VIII,  series  2,  facing  p.  113,  fig.  1. 
Picture    No.    2,    Elements    of    Qeology    by    Blackwelder    and    Barrows,    fig.    187. 
Amer.  Book  Co. 

Pictures  No.  3  and  4,  Hamburg-American  Line. 
Picture  No.  5,  Geol.  Surv.  N.  J.,  toI.  V.  facing  p.  4.  plate  1. 
Picture  No.  6,  Blackwelder  and  Barrows'  Geol.,  fig.  231. 
Picture  No.  7,  Geol.  Surv.  Wis..  Bui.  VIII,  series  2,  facing  p.  24,  fig.  2. 
Picture  No.  8,  Davis,  Elements  of  Phys.  Geog.,  fig.  169.     Gmn  &  Co.] 
In  closing  this  report  we  wish  to  refer  to  other  methods  of  testing  which  may 
be  found  in    "School   Science  and  Mathematics,   Vol.   XI,   p.   315,    (1911);    and   in 
the  "Journal  of  Geography,"  Vol.  X,  p.  176,   (1912)  J. 

JAMES    H.    SMITH, 

ZONIA  BABER, 

CHARLES   EMERSON   PEET. 

Committee. 


ANTIPODAL  LABORATORY  DIRECTIONS. 

The  directions  here  given  have  been  found  extra  helpful  to  the  author, 
Mr.  S.  W.  Hockett  of  Moorhead,  Minn.  He  has  had  them  posted  con- 
spicuously in  his  laboratory  and  has  found  that  their  very  uniqueness  has 
accomplished  the  purpose  for  which  they  were  devised. 

"Cleanliness  (not  carelessne^') — is  next  to  godliness" — Digest  well. 

To  "evaporate  to  dryness"  ail  your  funds,  leave  heating  substances  un- 
attended. 

To  form  "habits  of  disorder,"  keep  apparatus  disarranged  in  drawers 
of  desk. 

To  precipitate  the  disapproval  of  instructor,  set  up  botchy,  patchy  ap- 
paratus, or  let  water  stand  on  desks,  or  acids  on  books. 

Haste  makes  good  waste  at  all  temperatures,  both  of  supplies  and 
credits. 

Use  plenty  of  c.  p.  Standard  oil — (elbow  grease) — in  removing  im- 
purities; it  attacks  dirt  vigorously,  and  combines  to  produce  good  divi- 
dends. 

Don't  lay  stoppers  down  on  desks,  until  after  replacing  them  in  proper 
bottles. 

Don't  let  your  burner  "strike  back,"  unless  you  want  a  new  one  (to  pay 
for). 

To  heat  water  without  burning  it,  place  it  inside — ^not  on  outside— of 
vessel. 

To  break  t.  t.'s,  run  wire  T.  T.  cleaners  through  bottles,  or  clamp 
tightly  and  heat  (especially  above  the  level  of  contained  liquid). 

To  break  a  beaker,  heat  with  water  on  the  outside.  (Drop  it  in 
emergency.) 

To  break  a  flask,  cork  tightly  with  unpliable  stoppers,  or  strike  it 
lightly  against  the  burner  (or  against  some  fixed  body,  when  filled). 

To  break  an  evaporating  dish,  pour  cold  water  in  it  while  hot. 

To  break  a  U-tube,  hammer  it  on  the  desk,  or  try  to  pulverize  a  solid 
in  it. 

To  crack  reagent  bottles,  twist  or  hammer  stoppers  in  tight. 

To  break  a  clamp,  screw  it  up  with  all  your  might. 

To  destroy  labels,  shelves  or  table  tops,  let  fluids  run  down  sides  of 
bottles. 

Use  precaution  and  care  only  where  you  have  not  acquired  the  un- 
conscious habit  and  tendency  to  manipulate  everything  carefully,  cau- 
tiously, and  with  self-confidence. 
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PROBLEM  DEPARTMENT. 

By  E.  L.  Brown, 
Principal  North  Side  High  School,  Denver,  Colo. 

Readers  of  this  magazine  are  invited  to  send  solutions  of  the  problems 
in  which  they  are  interested.  Problems  and  solutions  will  be  duly  credited 
to  their  authors.  Address  all  communications  to  E.  L.  Brozvn,  3433  Al- 
cott  Street,  Denver,  Colo. 

Algebra. 

292.  Selected. 

2x*  —  4jr'  +  Kx^  +  41jr  —  30  =  0  has  the  sum  of  three  of  its  roots 
equal  to  zero.    Find  all  the  roots. 

Solution    by    H.    H.    Seidell,    St.    Louis.   Mo.,   and   Eugene    M.    Dozv. 

Brighton,  Mass. 

—  4 
The  sum  of  all  the  roots  = ~  =2,  hence  one  root  is  2. 

Substitute  x=2  in  given  equation  and  obtain 

4K+52=0.     .-.  K  =  — 13. 

. •.  2jt^-4;H-13;t^+41;r— 30=0.  a) 

By  trial  vte  find  that  — ^3  is  a  root  of  (1;/ 

. •.  (x-2)  (x+S)  (2^-6;r+5)=0. 

3±i 
Hence,  roots  are  2,  —3,   — ^    • 

293.  Proposed  by  E.  B.  Escott,  Ann  Arbor,  Mich. 
Solve  (a*  —b')x'  =  4b'  (x*  +  1)  (x*  —  x  ■}-  1) 

Solution  by  John  M.  Gallagher,  Boston,  Mass.,  and  L.  E.  A.  Ling,  La 
Grange,  III. 
I.     We  have  (m*-l)x^=4(x*+l)^-4x(x^+l),  where  w  _-~  a/b, 
or  4(;r«+l)«-4;r(;r*+l)-|-jr*=w«J-«. 
.'.  2(jr*-i-l)— :r=drw;r; 

I.  e,     2x*-'X{l=fm)-{-2=0, 

Whence  ;r=  (l^^)^l/(l^^)'-16. 
4 

i.  e,    x^ia-\-b±:  \/^-\-2ad'-l5^)  /4d, 

and  ;r=  {—a+b±\/ a^-^Zad— 15&^)  /Ab, 

II.  Solution  by  Proposer. 
Divide  by  (.r^+l)*.     We  have 

X 

Solving  as  a  quadratic  in   -^trrr »  ^^  ^"*^ 

X  lb         .         2b 

and 


.r«+l         a^rb  a-^b 

,  \x^{a+b±.  \/^'\-2ab—lW)/4b  and  {-a^- bd^\/a^^^b—\Sl^)/4b. 

296.    Proposed  by  Nelson  L.  Roray,  Metuchen,  N.  J. 

If  O,  O'  be  any  isogonal  conjugate  points,  with  respect  to  the  triangle 
ABC,  and  if  OL,  OX'  be  perpendicular  to  BC;  OM,  O'M'  perpendicular 
to  AC ;  and  ON,  O'N'  perpendicular  to  AB ;  show  that  the  six  points  L. 
M,  N,  L',  M',  N',  are  concyclic  with  mid-point  of  OO'  and  that  MN  is 
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perpendicular  to  AO'.     (Lachlan's  Modern  Pure  Geometry,  p.  56,  ex.  2.) 
Solution  by  Elmer  Schuyler,  Brooklyn,  N.  Y.,  and  by  the  Proposer. 
Let  AO  and  AO'  be  the  isogonal  conjugate  rays  with  respect  to  the 

angle  BAG,  and  AO'  lie  within  the  angle  BAO. 

Then  A  AON  is  similar  to  A  AO '  M '  and  A  AOM  is  similar  to    A  AO '  N ' . 
ON     _    OA  ^M^  _    AO 

•  •  0"M'         O'A  *"^  ON'  ~  OA  ' 
'       .-.ONO'N  =0'M'.OM. 

Similarly  ON.O'N'=OLOX' (1) 

Also  from  similar  triangles  BO'N'  and  BOL, 

BNT  ^  o;  n; 

BL  OL  ■ 

Prom  similar  triangles  BON  and  BOX' 


we  have 


BN  ON 

we  have  ~ 


BL'  O'h' 

.    BNBN'  ^  ON. ON' 
•  •   BLBL'    "^   Oh'  Oh 

=  1 From(l) 

.'.  BN.BN'=BLBL' 
.  •.  lit  L ' ,  N '  and  N  are  concyclic. 
Similarly  L,  L' ,  M'  and  M  are  concydic 
.'.  L,  Iv',  M,  M',  N  and  N'  are  concyclic 
I^t  S  be  the  mid-point  of  OO'. 

O'Ohh'  is  a  trapezoid.     . '.  perpendicular  bisector  of  hL'  passes  through 
S,  also  perpendicular  bisector  of  N'N  and  of  M'M. 
. '.  S  is  center  of  circle  passing  through  L,  I/',  M,  M',  N  and  N'. 
Also  A,  N,  M  and  O  are  concydic.     .  *.  Z  ONM=  ^  OAM-  =  Z  NAO ' . 
.'.  ZNAO'  +  ZANM=90"andMNlAO'. 

Oeometry. 

294.  Proposed  by  A,  C.  Smith,  Denver,  Colo. 

If  J  be  the  semiperimeter  of  a  triangle,  n,  rt,  r%  the  radii  of  its  escribed 
circles  prove  that 

Solution  by  A,  M.  Harding,  Payetteville,  Ark.,  and  G.  I.  Hopkins,  Man- 
chester, AT.  H. 

Let  r\  be  the  radius  of  the  cirde  escribed  to  the  side  a,  rt  that  for  b^  and 
rn  that  for  c.    Then  if  A  denote  the  area  of  the  triangle, 
rib+riC—riomsiZ  A . 

Likewise,  ^2=  -^  and  ^3=  -^^- 

r\  ^2  ^8  A  A 

.',  riri+r^rz+Tzrisss^. 

295.  Proposed  by  L  N.  Warner,  Plattesville,  Wis. 

If  from  any  point  A  on  a  circle  the  chords  AB,  AC  are  drawn  so  as 
to  trisect  the  area  of  circle,  find  angle  between  the  chords. 
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I.  Solution  by  R.  M.  Mathews,  Chicago,  III.,  and  E.  E.  Whitford,  Nezv 
York  City. 

Let  AOD  bt  the  diameter  from  A,  O  the  center  and  r  the  radius  of  the 
circle,    htt  x=  ^BOX>=  ZBAC. 
AA0B«>^f*8in;r. 

Sector  BOD=M'*^,  (■*"  expretsed  in  radians). 
.-.  BAC=r»  tin  x+t^x=}4wr*. 

.  •.  x+  tinx r-  =0. 

3 

.-.  4rs. 5362674  radians=W  43'  33". 

II.  Solution  by  Nelson  R.  Roray,  Metuchen,  N.  J. 

Let  r  be  the  radios  of  the  circle,  a  the  angle  between  the  chords,  y  the 


Evidently     the 


Hence  by  Hnygen's 


chord  of  the  arc  of  a,  and  x  th«  chord  of  the  arc  of 

diameter  from  the  vertex  of  a  bisects  a. 

a 
It  is  easy  to  see  that  xssZr  tin  -^»  y^Zr  sin  a. 

Formula  the  length  of  the  arc  of  a  is 

H  (16  r  sin  -| 2r  sin  a). 

. '.  Area  of  the  sector  whose  angle  is  2a  is 

M  (8  f*  sin  -| f*  sin  a). 

Also  the  area  of  the  part  of  the  circle  included  between  the  chords  is 
easily  shown  to  be 


Vi  (8f*  sin  -j r"  sin  a)+r»-sin  a. 


.  •.  We  have  2  sin  a+8  sin  —  =» 
Whence  a  >  30"  43'  <  30"  44'. 

284.  Proposed  by  El- 
mer Schuyler,  Brooklyn. 
N,  Y, 

Given  the  three  diag- 
onals of  an  inscriptible 
quadrilateral,  to  c  o  n- 
struct  the  quadrilateral. 

If  the  internal  diag- 
onals are  10  and  12  and 
the  external  is  20,  what 
are  the  lengths  of  the 
sides  ? 

NoTB. — It  is  assumed 
that   the   radius   of   the 

Tjl^ -~ — fe -^^?   circumcircle  is  given.   In 

the    numerical    example 
let  r  =  7.— Editor. 
Solution  by  the  Editor. 
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Let  ABCD  be  the  required  quadrilateral,  AC  and  BD  the  internal 
diagonals,  PiPj  the  external  diagonal,  and  O  the  center  of  the  circum- 
scribed circle.  Construct  circles  on  the  three  diagonals  as  diameters,  and 
let  M,  N,  L  be  their  centers. 

Ivet  ri=MB,  r2=NC,  PiL=r3. 

Divide  MN  internally  at  P  and  externally  at  Q  so  that 
MP/PN=8MQ/QN=ri/r2. 

On  PQ  as  a  diameter  describe  a  circle.  This  circle  is  the  locus  of  all 
points  whose  distances  from  M  and  N  are  in  the  ratio  of  n  to  r2,  and, 
therefore,  passes  through  the  points  R  and  S,  points  in  which  circles  M 
and  N  intersect. 

Since  triangles  Pi  AC  and  PiBD  are  similar,  their  homologous  lines  are 
proportional.     PiM  and  PiN  are  medians  of  these  triangles. 
.-.   P,M/P,N=r,/r2. 
Similarly,  P2M  P^S^ri  rj. 

. '.  Circle  L  passes  through  the  points  Pi  and  Pj. 

Since  the  circles  on  the  three  diagonals  of  a  complete  quadrilateral  as 
diameters  are  coaxal,  the  circle  on  P1P3  as  a  diameter  passes  through  the 
points  R  and  S. 

.  •.  The  circles  on  PQ  and  P1P2  as  diameters  coincide  and  PQ=PiP2. 

Now  QM  QN«r,/r2  and  PM/PN=ri  ro. 

QM      _  QM  __     n  n 

' '  m=QS  -  MN  -  7;^=:7,'  ""'  2^-  7;:^,'  ^^' 

Also   p/f!^pv  =  ^^  =  -^'  orPM=  -^  MN. 
PM  +  PN        MN        ^1  +  ^2  ri+ri 


.-.  QM-PM=QP=2r3»MN   [^  -  ^-^] 


.'.  MN= 

Since  AB  and  BD  are  given,  their  distances  from  O  can  be  found  and 
hence  the  sides  of  the  triangle  OMN  determined. 

Hence,  to  construct  the  quadrilateral,  draw  the  diagonal  BD  and  join  its 
mid-point  M  to  O;  with  ON  and  MN  as  radii  determine  the  point 
N;  join  ON  and  through  N  draw  AC  perpendicular  to  ON.  A,  B,  C,  D 
are  the  vertices  of  the  required  inscribed  quadrilateral. 

Let  L  be  the  mid-point  of  AC,  M  of  BD, 
and  N  the  point  of  intersection  of  the  t^-o 
diagonals.    Join  L  to  M  and  L  to  D. 

nr2 

In  the  right  triangle  OLA,  0A  =  7,  AL=6, 
and  hence  OL=3.606. 

Similarly  in  right  triangle  OBM,  0B=7, 
BM=5,  and  hence  OM=4.899. 

Now  having  the  sides  of  the  triangle 
OLM,  we  easily  find 

ZOLM=84^41'25''and   ZOML=47"7'49'. 
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.-.  ZMI,C=5  18'35'and  ZLMD=42*52'11'. 
In  triangle  LMD,  LM=3.667,  MD=5,  and  ZLMDs=42°52'll". 
.-.  LD=3.399.  ZLDM=47n3'19',  and  ZMLD=89''54'30". 
In  triangle  ALD,  AL=6,  LD=3.399  and  Z  ALD=95"24'25". 
.-.  ADa=7.169,  ZLAD=28*'9'53',  and  ZLDA=56"25'42'. 
In  triangle  ADB,  AD=7.169,  BD=10,  ZADB=103''39'1'. 
.-.  AB=  13.582. 

In  triangle  CLD,  ZCLD=84'35'3",  LC=6,  and  LD=3.399. 
.-.  CD>=6.614and  ZLDC=64'*38'41'. 

In  triangle  BDC,  ZBDC=  ZLDC-  ZLDM=17  25'22',  BD=10, 
CD=6.614.     .-.  BC=4.191. 

.-.  AB=13.582,  BC=4.191,  CD=6.614.  DAas7.169. 

CBEDIT  FOR  SOLUTIONS  REOEIVED. 

277.  Benjamin  E.  Chiu.     (1) 

284.  E.  L.  Brown.    (1) 

287.  Benjamin  E.  Chiu,  Effie  Morse.     (2) 

288.  Benjamin  E.  Chiu.     (1) 

292.  T.  M.  Blakslee,  W.  S.  Cawthorn,  Isaac  Doughton,  E.  M.  Dow,  J. 

M.  Gallagher,  F.  W.  Gentleman,  A.  M.  Harding,  R.  M.  Mathews, 
Nelson  L.  Roray,  W.  P.  Russell,  H.  H.  Seidell,  C.  H.  Stouten- 
burgh,  G.  M.  Weld,  E.  E.  Whitford,  D.  T.  Wilson.  Elmer 
Schuyler.     (16) 

293.  E.  B.  Escott  (2  solutions),  J.  M.  Gallagher,  F.  W.  Gentleman,  A.  M. 

Harding,  L.  E.  A.  Ling,  R.  M.  Mathews,  C.  E.  Rogers,  Nelson  L. 
Roray,  Elmer  Schuyler,  H.  H.  Seidell,  F.  Eugene  Seymour,  G.  M. 
Weld,  D.  T.  Wilson.    (14) 

294.  T.  M.  Blakslee,  A.  M.  Harding,  G.  I.  Hopkins,  L.  E.  A.  Ling  R.  M. 

Mathews,  Nelson  L.  Roray,  G.  Sergent,  Elmer  Schuyler.     (8) 

295.  A.  M.  Harding,  G.  I.  Hopkins,  R.  M.  Mathews,  Kenneth  Reynolds. 

Nelson  L.  Roray,  Elmer  Schuyler,  E.  E.  Whitford.     (7) 

296.  Nelson  L.  Roray,  Elmer  Schuyler.     (2) 

Solutions  for  292  and  294  were  received  from  a  Chicago  contributor  who 

failed  to  give  his  name.     (2) 
Total  number,  54. 

PROBLEMS  FOB  SOLUTION. 
Algebra. 

308.  Proposed  by  John  M.  Gallagher,  Boston,  Mass. 

In  "Dubbs*  Arithmetic  Problems"  occurs  the  following:  "If  the  cost 
had  been  8%  less,  the  gain  would  have  been  10%  more.  What  was  the 
per  cent  of  gain?" 

The  solution  is  given  as  follows: 

"Make  8  the  first  term,  10  the  second  term  and  100—8  the  third  term 
of  a  proportion.    The  fourth  term  is  the  selling  price. 

Problem:  Discover  the  general  principle  involved  in  the  above  method 
of  solution;  or,  prove  algebraically  that  the  above  solution  is  sound. 

309.  Proposed  by  E,  B.  Escott,  Ann  Arbor,  Mich. 

j^^yz  =  a     (1) 

Solve:  v'  —  xs  =  b     (2) 

5*  — ^y  =  r    (3) 
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(Geometry. 

310.  Proposed  by  Benjamin  E.  Chiu,  Shanghai,  China. 

Divide  a  rectangle  7  inches  long  and  3  inches  broad  into  three  figures 
which  can  be  joined  together  so  as  to  form  a  square.  (Ex.  28,  p.  465. 
Phillips  and  Fisher's  Elements  of  Geometry.) 

311.  Proposed  by  W.  T.  Harlow,  Portland,  Ore. 

Three  men  undertake  to  saw  a  log  which  is  4  feet  in  diameter.  How 
far  into  the  log  should  each  of  the  first  two  saw  in  order  to  equalize  the 
work  ? 

312.  Proposed  by  Elmer  Schuyler,  Brooklyn,  N.  V. 

In  a  given  circle,  inscribe  a  triangle,  knowing  the  mid-points  of  the 
three  minor  arcs  subtended  by  the  three  sides  of  the  triangle.  (From 
Ghersi.) 


SOIENOE  QUESTIONS. 

By  Franklin  T.  Jones, 
University  School,  Cleveland,  Ohio. 

Readers  of  School  Science  are  in7;ited  to  propose  questions  for  solu- 
tion— scientific  or  pedagogical — and  to  answer  the  questions  proposed  by 
others  or  by  themselves.  Kindly  address  all  communications  to  Franklin 
T.  JoneSy  University  School,  Cleveland,  Ohio. 

Questions  and  Problems  for  Solution. 

86.  Why  give  a  laboratory  examination  similar  to  that  given  by 
Harvard  University? 

What  can  an  examiner  find  out  by  such  an  examination  ? 
In   what   ways   can  the  examination   benefit    (1)    the  pupil;    (2)    the 
teacher  ? 
Answer  serially  numbered  questions  in  the  following  lists: 

Sheffield  Scientific  School  Entrance  Examinations,  June,  1912. 

Phsrsics. 

87.  What  should  be  the  level  of  water  ?n  a  stand  pipe  to  maintain  a 
pressure  of  70  pounds  to  the  square  inch,  assuming  the  density  of  water 
to  be  62.5  lbs.  per  cu.  ft.? 

2.  The  boy,  B,  can  run  900  feet  per  minute;  the  boy.  A,  who  can  run 
1200  feet  per  minute  gives  B,  30  seconds  start  and  sets  chase.  Where  will 
he  overtake  B? 

88.  Suppose  that  heat  is  supplied  at  a  uniform  rate  to  a  mass  of  ice 
at  — ^20*'C  until  it  becomes  steam  at  120°C.  Describe  the  resulting  physical 
changes  and  give  a  rough  estimate  of  the  duration  of  each  change  com- 
pared to  the  time  required  to  heat  the  freezing  water  to  the  boiling  point. 
(Specific  heat  of  ice  0.5;  specific  heat  of  steam  0.48.) 

4.  Describe  the  phenomenon  of  resonance  as  illustrated  by  a  tuning 
fork  held  over  the  mouth  of  a  tube.  What  relation  is  fulfilled  when 
the  tube  resounds? 

5.  A  needle  is  suspended  at  its  centre  of  gravity ;  after  being  magnetized 
how  will  it  behave  differently  ?  Compare  its  behavior  at  two  points  widely 
separated  in  latitude  and  longitude. 
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6.  Describe  electrostatic  induction,  magnetic  induction,  and  electro- 
magnetic induction. 

7.  Explain  by  a  diagram  the  meaning  of  the  critical  angle  at  the 
boundary  between  water  and  glass. 

Chemistry. 

1.  Write  the  formula  of  one  oxide  of  each  of  the  following  elements : 
Sodium,  calcium,  carbon,  phosphorus,  sulphur,  iron.  Show  by  equations 
any  reactions  of  these  oxides  (a)  with  water,  (b)  with  each  other. 

2.  Mention  the  raw  materials  and  give  the  operations  necessary  for 
making  nitric  acid.  Illustrate  its  acid  properties  by  equations  for  its 
reactions  on  zinc  hydroxide  and  on  sodium  carbonate.  Illustrate  its 
oxidizing  property  by  equations  for  its  reaction  on  sulphur  dioxide. 

3.  Give  the  pressure  and  temperature  laws  for  gases.  A  gas  has  a 
volume  of  10  liters  at  760  mm.  What  will  be  its  volume  at  780  mm  if 
the  temperature  remains  unchanged? 

4.  Write  the  formulas  for  twelve  salts  of  which  three  shall  contain 
phosphorus,  three  aluminum,  three  magnesium,  three  carbon. 

5.  Describe  the  phenomena  observed  when  solutions  of  the  following 
are  mixed:  (a)  Silver  nitrate  and  sodium  chloride,  (b)  barium  chloride 
and  sulphuric  acid,  (c)  hydrochloric  acid  and  ammonium  carbonate,  (d) 
hydrogen  sulphide  and  lead  nitrate. 

89.  Find  the  volume  in  cubic  centimeters  of  hydrochloric  acid  solution 
of  1.1  specific  gravity,  containing  20%  of  actual  acid  by  weight,  which 
will  react  with  lOg  of  calcium  carbonate. 

7.     Balance  the  following  equation: 

PbS+HNO^Pb(NO'),-hNO-fS+H,0. 

90.  What  volume  of  oxygen  would  be  required  to  burn  lOOOcc  of 
carbon  monoxide,  and  what  would  be  the  volume  of  the  product,  all 
the  gases  being  at  the  same  temperature  and  pressure? 

(Atomic  weights:— Ca=40,  C=12,  0=16,   H=l,  C1=3S.5.) 

Solutions  and  Answers. 

69.  From  Cornell  entrance  examination  in  agriculture. 

How  much  nitrate  of  soda  containing  15%  N  acid  phosphate  contain- 
ing 16%  phosphoric  acid,  and  muriate  of  potash  containing  50%  potash, 
will  be  required  to  make  the  equivalent  of  a  ton  of  2:8:5  fertilizer? 

Solution  by  Firman  E.  Bear,  Dept.  Agricultural  Chemistry,  Ohio  State 
University. 

222  lbs.  nitrate  soda  15%  N  =  18%  NH,. 
1000  lbs.  acid  phosphate  16%  PsOb. 
200  lbs.  muriate  potash  50%  KaO. 
578  lbs.  filler. 

2000  lbs.  —  2  —  8  —  5. 

70.  From  a  Cornell  entrance  examination  in  agriculture.  A  New  York 
dairy  farmer  has  a  loo-acre  farm  of  fairly  good  land: 

(a)  What  crops  should  be  grown  on  it  for  his  purposes? 

(b)  What  acreage  of  each  should  be  grown? 

(c)  What  rotation  should  be  followed? 

Solution  by  W.  L.  Clevenger,  Dept.  of  Dairying,  Ohio  State  University. 

I  am  assuming  that  25  cows  can  be  nicely  kept  and  cared  for  on  a 
dairy  farm  of  this  size.  A  few  head  of  swine  should  also  be  kept.  I 
would  use  30  acres   for  buildings,   garden,   small   orchards,    fruit,   and   a 
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paddock  for  cattle  and  swine  to  graze  in.  The  remainder  should  grow 
the  following  crops :  As  alfalfa  will  usually  grow  in  New  York  I  should 
attempt  to  raise  10  acres  of  it.  I  would  grow  15  acres  of  silage  com 
which  should  average  10  tons  per  acre.  I  would  also  grow  15  acres  of 
field  com  and  would  also  try  15  acres  of  clover  and  15  acres  of  oats. 
Part  of  the  clover  or  oats  might  be  substituted  by  cow  peas  or  soy 
beans,  which  will  grow  successfully  in  some  parts  of  New  York. 

I  would  follow  the  five-year  rotation  as  near  as  possible,  following  the 
clover  with  com;  oats  or  cow  peas  with  silage.  In  case  wheat  can  be 
successfully  grown  I  would  sow  the  silage  ground  into  the  wheat,  and 
clover  in  the  spring.  With  this  sort  of  combination  and  a  few  concen- 
trates a  dairy  farmer  ought  to  be  able  to  feed  his  animals  as  economically 
as  it  is  possible  to  be  done  and  make  the  most  out  of  his  100  acres. 

77.  Proposed  by  A.  Bjorkland,  Appleton,  Wis. 

Explain  how  to  get  the  total  weight  of  a  boat;  what  dimensions  would 
you  want,  and  how  would  you  compute  the  weight  from  these? 

Answer  by  J.  H.  Wells,  Sales  Manager,  The  Matthews  Boat  Co.,  Port 
Clinton,  Ohio. 

Answering  yours  regarding  the  manner  of  figuring  weight  of  a 
boat  will  say,  that  the  only  way  to  figure  the  weight  is  to  estimate  the 
weight  of  every  piece  going  into  the  construction,  and  by  simple  addition 
make  the  total. 

We  presume,  however,  that  the  person  asking  the  question,  w^anted 
to  know  how  to  figure  displacement.  It  is  a  more  or  less  elaborate 
calculation  if  great  accuracy  is  sought.  There  are  a  number  of  rules 
that  one  becomes  familiar  with  by  experience,  among  which  certain 
variables  must  be  estimated.  For  instance,  on  a  motor  boat,  a  quick  rule 
for  displacement  is  to  multiply  the  W.L.  length  times  the  W.L.  depth 
times  the  depth  of  rabbet  below  waterline  times  64  (weight  of  1  cu.  ft. 
of  salt  water)  times  a  variable,  ranging  between  .35  and  .42. 

The  second  method  is  by  use  of  the  integrater  and  the  summing  up  of 
the  areas  of  the  sections  by  Simpson's  rules  of  integration,  thus  getting 
the  volume  and  weight.  The  ordinary  way  is  to  use  Simpson's  4-2-4  rule 
in  getting  the  areas  of  each  of  the  sections  in  which  the  boat  is  divided 
(usually  ten),  and  by  the  same  rule  integrating  each  section  of  areas 
and  finding  the  total  displacement.  You  probably  are  familiar  with  these 
integration  rules,  and  would  say  that  you  could  use  either  Simpson's 
or  Trapezoidal. 

78.  Mechanical  advantage  5,  efficiency  80%. 

79.  13  cents  per  hour. 

80.  .5375  grams. 


N££D  OF  A  PHOSPHATE  LAW. 

The  present  uncertainty  whether  the  phosphate  rock  of  the  public  land 
should  be  entered  under  the  lode  law  or  under  the  placer  law  is  conclusive 
evidence  of  the  need  of  legislation.  As  a  matter  of  fact  neither*  of  these 
laws  is  more  applicable  to  the  acquisition  of  beds  of  phosphate-bearing 
limestone  than  it  would  be  to  that  of  coal  beds.  The  realization  that  the 
phosphate  deposits  are  more  extensive  than  was  known  or  suspected  when 
the  Survey  geologists  began  land  classification  work  in  Idaho  and  Wyom- 
ing, does  not  lessen  but  rather  increases  the  urgency  for  a  leasing  law 
which  will  provide  for  the  utilization  of  this  large  supply  of  mineral 
fertilizer,  so  as  to  meet  both  present  and  future  needs. — United  States 
Geological  Survey. 
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EASTERN  ASSOCIATION  OF  PHYSIOS  TEACHERS. 

The  sixty-second  meeting  of  this  association  was  held  at  the  Charlestown 
Navy  Yard  Saturday,  June  1.  The  meeting  was  called  to  order  by  Presi- 
dent Griswold,  who  at  once  called  on  Mr.  Packard,  chairman  of  the  com- 
mittee on  new  apparatus,  for  his  report.  Several  new  devices  were  shown. 
Mr.  Bulfinch  reported  for  the  committee  on  magazine  literature.  Mr. 
Hadlock  g^ve  his  report  from  the  committee  on  current  events  in  physics. 
Mr.  Clarence  M.  Hall,  then  from  the  new  book  committee,  read  a  review 
and  criticism  of  Carhart  and  Chutes'  new  physics.  New  members  were 
then  elected.  Commander  S.  V.  Kittell,  inspector  of  the  Yard,  then  gave 
an  interesting  talk  on  the  "Navy  Yard."  Commander  E.  J.  Pollock  fol- 
lowed with  a  talk  on  the  battleship  "Virginia."  This  was  very  interesting 
and  was  listened  to  with  closest  attention.  The  president,  Mr.  Gris- 
wold, followed  with  an  entertaining  and  helpful  talk  upon  some  physics 
matter  which  it  had  been  his  privilege  to  observe  and  study.  Luncheon 
was  served  in  the  hall  outside  of  the  armory.  In  the  afternoon  an 
inspection  of  the  "Virginia"  and  the  Yard  was  indulged  in.  Commander 
Pollock  acted  as  host  while  the  party  was  on  board ;  a  thorough  inspection 
was  made.  This  was  followed  by  an  inspection  of  the  Yard  conducted  by 
Inspector  Clark,  visits  were  paid  to  the  chain  shop,  rope  shop,  boat  shop, 
dry  dock,  and  to  the  old  "Constitution." 

Everyone  present  thoroughly  enjoyed  and  appreciated  this  particular 
meeting. 


PERSONALS. 


Dr.  George  E.  Hale,  director  of  the  Solar  Observatory  of  the  Carnegie 
Institution,  has  had  conferred  upon  him  the  doctorate  of  laws  by  the 
University  of  California. 

Dr.  Charles  A.  Shull  of  the  Transylvania  University,  Lexington,  Ky.. 
who  has  been  for  a  number  of  years  an  associate  editor  of  this  journal, 
has  accepted  the  position  as  Professor  of  Plant  Physiology  at  the  Uni- 
versity of  Kansas.    He  enters  upon  his  new  duties  this  fall. 

Professor  Ansel  F.  Hemenway  of  the  University  of  Chicago  has  been 
appointed  to  the  professorship  of  biology  and  geology  in  Transylvania 
University,  Lexington,  Ky. 

Dr.  Alexander  Meiklejohn,  professor  of  philosophy  and  dean  of  the 
faculty  of  Brown  University,  has  been  elected  president  of  Amherst 
College. 

Professor  B.  M.  Duggar  of  Cornell  University  has  been  elected  to  fill 
the  professorship  of  plant  physiology  and  applied  botany  in  Washington 
University,  vacated  by  Dr.  George  T.  Moore,  in  accepting  the  director- 
ship of  the  Missouri  Botanical  Garden. 

Dr.  William  Conger  Morgan,  assistant  professor  of  chemistry  at  the 
University  of  California,  and  associate  editor  in  chemistry  of  this  Journal, 
has  been  appointed  professor  of  chemistry  at  Reed  College,  Portland,  Ore. 

At  Princeton  University,  William  F.  Magie,  Henry  professor  of  physics, 
has  been  elected  dean  of  the  faculty  to  succeed  Professor  H.  B.  Fine. 

Professor  H.  P.  Baker  of  the  Pennsylvania  State  College  has  accepted 
a  position  at  Syracuse  University  as  dean  of  the  State  College  of  Forestry, 
established  in  1911  by  the  New  York  legislature  with  an  initial  appropria- 
tion of  $55,000. 

Mr.  W.  P.  Morgan  of  the  Englewood,  Chicago,  High  School  has  been 
elected  to  the  presidency  of  the  normal  school  at  Macomb,  111. 
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Mr.  Mark  A.  Carleton,  for  the  past  eighteen  years  in  charge  of  grain 
investigations  in  th^  Bureau  of  Plant  Industry,  and  well  known  as  the 
introducer  and  propagator  of  Durum  wheat  and  the  Swedish  select  oat, 
has  resigned  his  present  position  to  take  charge  of  the  work  of  the  Penn- 
sylvania Chestnut  Tree  Blight  Commission. 

Mr.  C.  E.  Craig,  instructor  in  agronomy  in  Purdue  University,  has  ac- 
cepted the  position  of  agronomist  in  the  Polytechnic  School  at  Porto 
Alegre,  Brazil. 

Professor  Richard  S.  Curtis  of  the  University  of  Illinois  has  resigned 
to  become  professor  of  organic  chemistry  at  the  Throop  Polytechnic  Insti- 
tute, Pasadena,  Cal. 

Mr.  L.  L.  Burgess,  associate  in  chemistry,  has  accepted  the  position  of 
professor  of  analytical  chemistry  at  the  University  of  Saskatchewan, 
Canada. 

Professor  Henry  G.  Gale  of  the  University  of  Chicago  becomes  man- 
aging editor  of  the  Astrophysical  Journal,  which  position  has  been  held 
by  Professor  Edwin  B.  Frost  for  the  last  twenty  years. 

Mr.  W.  H.  Zeigel  has  been  appointed  Head  of  the  Department  of 
Mathematics  in  the  first  district  Normal  School  at  Kirksville,  Mo.  He 
enters  upon  his  new  duties  this  fall. 

President  McKenney  of  the  Milwaukee  Normal  School  has  been  made 
President  of  the  Michigan  State  Normal  College  at  Ypsilanti. 


PROPOSED  AMENDMENTS  TO  THE  CONSTrrUTION  OF  THE 
CENTRAL  ASSOCIATION  OF  SCIENCE  AND  MATHE- 
MATICS TEACHERS. 

The  committee  on  amendments  to  the  constitution  of  the  Central  Asso- 
ciation of  Science  and  Mathematics  Teachers,  appointed  at  the  last  annual 
meeting,  recommends  the  following  amendments,  to  be  acted  upon  at  the 
meeting  of  the  Association  November  29,  30,  1912.  Articles  VI  and  VII 
to  be  changed  to  read  as  follows: 

Article  VI.    Officers. 

Section  1.  The  officers  of  the  Association  shall  be  a  president,  a  vice- 
president,  a  secretary,  an  assistant  secretary,  a  treasurer,  and  an  assistant 
treasurer. 

Section  2.  The  officers  of  each  section  shall  be  a  chairman,  a  vice- 
chairman,  and  a  secretary. 

Section  3.  The  duties  of  the  officers  shall  be  those  usually  devolving 
upon  such  officers  as  those  named. 

Section  4.  The  officers  of  the  Association  and  of  the  sections  shall  be 
elected  by  ballot  at  the  annual  meeting.  A  majority  of  the  votes  cast 
shall  be  required  for  election.  The  president,  vice-president,  assistant 
secretary,  and  assistant  treasurer  each  shall  be  elected  for  a  term  of  one 
year.  The  secretary  shall  be  elected  for  a  term  of  three  years.  The 
treasurer  shall  be  elected  in  1912  for  a  term  of  one  year;  thereafter  the 
treasurer  shall  be  elected  for  a  term  of  three  years.  The  treasurer  shall 
furnish  bond  for  $1,000,  the  same  to  be  approved  by  the  executive  com- 
mittee, the  premium  upon  this  bond  to  be  paid  by  the  association. 

Section  5.  Nominations  for  officers  of  the  Association  shall  be  made 
by  a  nominating  committee  of  three  members  appointed  by  the  president 
Nominations  for  officers  of  each  section  shall  be  made  by  a  nominating 
committee  of  three  members  appointed  by  the  chairman  of  that  section. 
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Article  VII.    Executive  Committee. 

Section  1.  The  officers  of  the  Association,  the  past  presidents  of  the 
Association,  and  the  chairmen  of  the  sections  shall  constitute  an  executive 
committee.  Its  duties  shall  be  to  prepare  programs  and  to  arrange  for 
meetings  of  the  Association;  to  decide  what  portions  of  the  proceedings 
shall  be  published  by  the  Association ;  to  pass  upon  applications  for  mem- 
bership in  the  Association;  and  to  elect  new  members;  to  fill  all  vacancies 
in  the  offices  of  the  Association  and  the  sections;  and  to  transact  all 
business  of  the  Association  not  otherwise  provided  for. 

Section  2.  The  officers  of  each  section  shall  constitute  a  section  execu- 
tive committee.  The  duties  of  this  committee  shall  include  the  preparation 
of  programs. 

James  F.  Millis. 
James  H.  Smith, 
"C.  E.  Spicer. 

Committee. 


GOOD  TRAININO. 


"When  I  was  a  growing  lad,  and  came  upon  many  words  in  my  reading 
that  I  did  not  understand,  my  mother,  instead  of  giving  me  the  definition 
when  I  applied  to  her,  uniformly  sent  me  to  the  dictionary  to  learn  it. 
and  in  this  way  I  gradually  learned  many  things  besides  the  meaning  of 
the  individual  words  in  question — among  other  things,  how  to  use  a 
dictionary,  and  the  great  pleasure  and  advantage  there  might  be  in  the 
use  of  the  dictionary.  Afterwards,  when  I  went  to  the  village  school,  my 
chief  diversion,  after  lessons  were  learned  and  before  they  were  recited, 
was  in  turning  over  the  pages  of  the  'Unabridged'  of  those  days.  ^Now 
the  most  modern  Unabridged— the  NEW  INTERNATIONAI^(G.  &  C. 
Merriam  Co.,  Springfield,  Mass.)  gives  me  a  pleasure  of  the  same  sort. 
So  far  as  my  knowledge  extends,  it  is  at  present  the  best  of  the  one- 
volume  dictionaries,  and  quite  sufficient  for  all  ordinary  uses.  Even  those 
who  possess  the  splendid  dictionaries  in  the  several  volumes  will  yet  find 
it  a  great  convenience  to  have  this,  which  is  so  compact,  so  full,  and  so 
trustworthy  as  to  leave  in  most  cases,  little  to  be  desired." 

Albert  S.  Cook,  Ph.D.,  LL.D., 
Professor  of  the  English  Language  and  Literature,  Yale  University. 


ARTICLES  m  CUBRENT  PERIODICALS. 

Education  for  May:  "Moral  Standards  in  the  Schools,"  Alfred  E. 
Stearns;  "Moral  Standards  in  College,"  Flavel  S.  Luther;  "The  Growth 
of  the  Moral  Ideal,"  Arthur  Deerin  Call ;  "Marks  and  the  Marking  System 
as  an  Incentive,"  Stephen  S.  Colvin ;  "The  Ideal  as  an  Incentive,"  John  B. 
Diman. 

Journal  of  Educational  Psychology  for  June :  "Methods  of  Research  in 
Education,"  Edmund  C.  Sanford;  "Shall  We  Teach  Spelling  by  Rule?" 
W.  A.  Cook;  "Retardation  in  Fifty-five  Western  Towns,"  Freeman  E. 
Lurton ;  "An  Achievement  Capacity  Test,"  Guy  G.  Fernald. 

Journal  of  Geography  for  May:  "Geographic  Influences  in  the  Devel- 
opment of  Texas,  Frederic  William  Simonds ;  "Geography  of  the  United 
States  in  the  High  School,"  Harley  P.  Chandler;  "Laboratory  Work  in 
Physiography  in  the  Chicago  High  Schools,"  Harry  M.  Clem ;  "The  Status 
of  Geography  in  Minnesota  High  Schools."  C.  E.  Huff.  For  June :  "Geog- 
raphy in  American  Universities,"  Huldah  L.  Winsted;  "The  Precious 
Metals  as  a  Factor  in  the  Development  of  the  United  States,"  George  D. 
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Hubbard;  **The  Development  of  Physical  Geography  in  American  Text- 
books," Beulah  A.  Mullinger;  "Notes  on  Canada,"  Edward  Van  Dyke 
Robinson ;  "The  Use  of  Artificial  Light  in  a  Sub- Arctic  Region,"  Philip  S. 
Smith. 

L' Enseignement  Mathematique  for  May :  "*Les  fractions  continues  dans 
la  theorie  elementaire  des  nombres,"  A.  Aubry;  "Courbes  transcendantes 
et  interscendantes,"  E.  Turriere;  "Nouvelle  note  sur  les  fonctions  dc 
mesure,"  G.  Combebiac. 

Mathematical  Gasette  for  May :  'Tour  Fours.  Some  Arithmetical  Puz- 
zles," W.  W.  Rouse  Ball;  "The  Theory  of  Order,  as  Defined  by  Bound- 
aries" (concluded),  E,  T.  Dixon;  "Suggested  Notation  for  Ratios  and 
Cross-Ratios,"  A.  Lodge. 

Nature-Study  Review  for  May :  "A  Robin's  Nest,"  C.  W.  Finley ;  "The 
School-Home  Garden,"  E.  C.  Bishop;  "Mushrooms,"  C.  H.  Kauffman; 
"The  Insect  Life  of  Pond  and  Stream,"  Paul  S.  Welch;  "Some  Ideas  on 
Teaching  a  Bird  Course,"  R.  M.  Strong;  "The  Study  of  Birds  with  the  | 

Camera,"  Robert  W.  Hegner.. 

Photo-Era  for  June :    "Color- Photography,"  Henry  Leffman ;  "Sizes  and  , 

Shapes  of  Plates  and  Films,"  Phil  M.  Riley;  "Art  and  the  Exact  Sciences," 
Right  Hon.  Lord  Redesdale;  "Photography  a  Pursuit  for  the  Busy  Man," 
H.  C. ;  "Straight  Photography,"  first  paper,  David  J.  Cook,  For  August: 
"Aeroplane- Photography,"  Charles  G.  Grey;  "On  Print-Criticism,"  Vir- 
ginia F.  Glutton;  "The  Story  of  the  First  Kodak,"  Wilfred  A.  French; 
"Pictorial  Surgery,"  William  Howe  Downes;  Persuading  a  Business  Man," 
Phil  M.  Riley;  "Straight  Photography,"  third  paper.  David  J.  Cook; 
"Bromoil — The  Printing  Process  of  the  Future,"  Dr.  Emil  Mayer. 

Physical  Review  for  July :  "On  the  Vibration  of  a  Lecher  System  using 
a  Lecher  Oscillator,  II,"  F.  C.  Blake  and  Charles  Sheard;  "Nutation  in 
Practical  Applications  of  Gyro-action,"  Burt  L.  Newkirk ;  "Circular  Dichro- 
ism  and  Rotatory  Dispersion  of  Certain  Salt  Solutions,"  L.  B.  Olmstead; 
"The  Definition  of  an  Ideal  Gas,"  E.  F.  Farnau;  "A  Relation  Between  the 
Magnetic  and  Elastic  Properties  of  a  Series  of  Unhardened  Iron-Carbon 
Alloys,"  C.  W.  Waggoner;  "The  Crystallization  of  Carbon- Dioxide,  Nit- 
rous Oxide  and  Ammonia,"  H.  E.  Behnken. 

Popular  Astronomy  for  June-July :  "The  Turret  Telescope,"  with  plate 
XIII,  S.  A.  Mitchell;  "The  Form  of  the  Earth,"  concluded,  William 
Thayer  Jordan;  "The  Distances  of  the  Stars,"  Hebcr  D.  Curtis;  "An  In- 
expensive but  Valuable  Device  for  the  Amateur  in  Star  Observation," 
Tilton  C.  H.   Bouton;  "Astral  Disks  and  Colored   Stars,"  Dr.  Edward  j 

Gray;  "The  Hyades  Group  of  Stars,"  H.  C.  Wilson;  "Laplace  on  Atmos-  \ 

spheres  of  Celestial  Objects,"  translated  by  Miss  Florence  L.  Baldwin; 
"The  Occupation  of  Antares,  June  26,  1912,"  Wm.  F.  Rigge;  "The 
Eclipse  of  April  17  as  Visible  in  France,"  B.  G.  Harrison.  For  August- 
September:  "The  Study  of  Solar  Prominences,"  with  plates  XIV-XVI, 
Frederick  Slocum ;  "An  Account  of  the  Founding  of  the  Central  Observa-  i 

tory  of  Poulkova,  Russia,"  Frances  Montgomery  Cowan;  "On  Some  Edu-  , 

cational  Stellar  Photography,"  with  plates  XVII-XXIII,  Charles  Burck- 
halter;  "Magnitude  Estimates  of  Nova  Geminorum,"  No.  2,  Joel  Stebbins; 
"The    Distance    of    the    Stars,"    (concluded)     Heber    D.    Curtis;    "The  | 

Riddles  of  Mizar  and  Beta  Aurigae,"  William  H.  Knight;  "Observa- 
tions of  Nova  (2)  Geminorum,"  Frederick  C.  Leonard;  "Note  on  the  Hy- 
pothesis of  M.  Birkeland  Relative  to  the  Nature  of  the  Rings  of  Saturn," 
(Translation),  P.  Stroobant. 

Popular  Science  Monthly  for  June :  "Tropical  Sunlight,"  The  Late  Paul 
C.  Freer ;  "The  National  Parks,  from  the  Scientific  and  Educational  Side," 
Laurence  F.  Schmeckebier ;  "Research  in  Medicine,"  Richard  M.  Pearce; 
"Age,  Death,  and  Conjugation  in  the  Light  of  Work  on  the  Lower 
Organisms,"  Herbert  S.  Jennings;  "Conservation  Ideals  in  the  Improve- 
ment of  Plants,"  H.  J.  Webber;  "A  Philosophy  of  CJcography,"  Walter 
Edward  McCourt;  "Chinese  Mathematics,"  David  Eujeenc  Smith;  "The 
Practical  Basis  for  Republican  Institutions  for  China,"  Gustavus  Ohlinger; 
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"A  Program  of  Radical  Democracy,"  J.  McKeen  Cattell.  For  July:  "Re- 
search in  Medicine,"  Richard  M.  Pearce;  "Trinidad  and  Bermudez  As- 
phalts and  their  Use  in  Highway  Construction,"  Clifford  Richardson; 
"The  Role  of  the  House  Fly  and  Certain  Other  Insects  in  the  Spread  of 
Human  Diseases."  W.  E.  Britton ;  "Holes  in  the  Air,"  W.  J.  Humphreys ; 
"The  Physiological  Basis  of  Esthetics,"  Henry  Sewall ;  "Are  the  Jews  a 
'Pure  Race'?"  Abram  Lipsky;  "Is  a  Scientific  Explanation  of  Life  Pos- 
sible?" Otto  C.  Glaser;  "Some  Features  of  the  Root  Systems  of  Desert 
Plants,"  W.  A.  Cannon.  For  August :  "Gauss  and  His  American  Descend- 
ants," Florian  Cajori;  "Research  in  Medicine,"  Richard  M.  Pearce;  Mod- 
ern Thought,"  Edward  F.  Williams;  "Cold  Storage  Problems,"  P.  G. 
Heinemann;  "The  World's  Most  Important  Conservation  Problem,"  Stew- 
art Paton ;  "Trinidad  and  Bermudez  Asphalts  and  their  Use  in  Highway 
Construction,"  Clifford  Richardson ;  "An  Economic  Interpretation  of  Pres- 
ent Politics,"  C.  C.  Arbuthnot ;  "Helps  to  Studying,"  Joseph  W.  Richards ; 
"Bees  which  only  Visit  One  Species  of  Flowers,"  John  H.  Lovell. 

School  Review  for  June:  "Report  of  the  Twenty-fourth  Educational 
Conference  of  the  Academies  and  High  Schools  in  Relations  with  the 
University  of  Chicago,"  Nathaniel  Butler ;  "Legislation  for  the  Last  Three 
Years  on  Vocational  Education,"  Rupert  R,  Simpkins. 

School  World  for  June :  "Mathematical  Essays,"  Charles  Davison ;  "An 
Experiment  in  Applied  Education,"  A.  H.  Angus;  "The  Use  of  Practical 
Exercises  in  the  Teaching  of  Geography,"  by  fifteen  different  authors. 
Very  valuable.  For  July:  "The  Value  of  Geography  and  History  in 
Elementary  Education,"  Rachel  R.  Reid;  "The  Teaching  of  Mathematics 
in  the  United  Kingdom,"  J.  B.  Dale;  "The  Teaching  of  Elementary 
Geography." 

Unterrichtshlatter  fur  Mathematik  und  Naturwissenschaften,  Nr.  3: 
"Das  Sellenleben  der  Ameisen,"  P.  E.  Wasmann ;  "Eine  Konstruktion  aus 
imaginaren  Punkten,"  Dr.  Clemens  Thaer. 

Zeitschrift  fur  den  Physikalischen  und  Chemischen  Unterricht  for  July : 
"Einfache  Versuche  iiber  Linsenfehler  und  ihre  Beseitigung,"  W.  Volk- 
man;  "Versuche  mit  iiberschmolzenem  Natriumazetat,"  H.  Rebenstorff; 
•*Zur  Demonstration  der  Gezetze  des  freien  Falls,"  W.  Elsasser;  "Zwei 
Lochsirenen."  A.  Kleine  Mitteilungen :  "Ein  einfacher  Geschwindigkeits- 
messer,"  Fr.  Heselhaus;  "Apparat  zur  Demonstration  des  Druckes  ge- 
sattigter  Dampfe,"  F.  Meiszner ;  "Uber  die  Bildung  stehender  Wellen  bei 
Explosionen,"  J.  Stepanek;  "Mischung  natiirlicher  Spektralfarben,"  H. 
Reuter;  "Zwei  elektromagnetische  Versuche,"  E.  Pfeiffer;  "Versuche  iiber 
den  Nachweis  des  Jouleschen  Gesetzes  mit  dem  Looserchen  Thermoskop," 
A.  Krause;  "Explosionsmoglichkeiten  bei  Versuchen  mit  Wasserstoff,"  H. 
Rebenstorff. 

Zeitschrift  fiir  Mathematischen  und  Naturwissenschaftlichen  Unter- 
richt for  April :  "Beitrage  zur  Didaktik  des  mathematischen  Unterrichts 
in  den  Gymnasien,"  Schulrat  Dr.  Al.  Lanner;  "Fur  oder  wider  die  Drei- 
eckskonstruktionen,"  Prof.  Ernst  Meyer;  "Die  Diagonaltangenten  der 
Ellipse."  Prof.  Rudolph  Hein;  "Ein  Grenzfall  des  Ptolemaischen  Lehr- 
satzes,"  Dr.  H.  Wieleitner ;  "Lehrsatze  iiber  die  Fusspunkte  der  Hohen  der 
von  vier  Punkten  gebildeten  Dreiecke,"  Prof.  K.  M.  Hippach;  "Schriften 
des  Deutschen  Ausschusses  fiir  den  mathematischen  und  naturwissen- 
schaftlichen Unterricht,"  W.  Lietzman;  "Zur  Geometrographie,"  edited 
by  K.  Hagge. 


DELINEASOOPES. 


Delineascope  is  a  new  word — a  name  coined  by  the  Spencer  Lens  Com- 
pany, Buffalo,  N.  Y.,  to  designate  a  new  series  of  Projection  outfits 
recently  placed  on  the  market.  Their  new  catalogue  describing  the  same 
recently  received,  and  which  may  be  had  for  the  asking,  illustrates  and 
describes  in  detail  these  very  unique  outfits. 

Realizing  that  the  stumbling  block  in  projection  work,  due  to  a  lack 
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of  proper  illumination,  has  been  not  the  projection  of  lantern  slides  or 
even  micro  objects  but  rather  the  projection  of  opaque  objects,  post 
cards,  reading  matter,  etc.,  this  Company  has  designed  their  Delineascopcs 
with  these  facts  uppermost  in  mind.  By  original  and  unique  methods  of 
handling  the  light  as  well  as  means  for  its  conservation,  coupled  with 
the  fact  that  the  mechanism  for  of>aque  projection  is  not  merely  an 
accessory,  not  an  extra  attachment,  but  an  integral  part  of  itself,  they 
have  been  able  to  attain  results  which  are  extremely  satisfactory  and  this 
at  a  greater  distance  even,  from  the  screen,  than  heretofore  considered 
practicable. 

A  glance  at  its  construction  reveals  the  fact  that  it  is  different  in  design 
from  anything  in  projection  heretofore  built.  Its  construction  is  certainly 
unique.  A  number  of  original  features  have  been  incorporated.  All 
operations  are  on  one  side.  Simple,  quick  and  handy  provisions  are 
provided  for  changing  from  one  kind  of  projection  to  another.  The 
micro  attachment  can  be  used  in  a  perpendicular  or  horizontal  position 
and  can  be  changed  from  one  position  to  the  other  in  a  moment's  time. 
The  most  striking  innovation  is  the  Spencer  Transposer  for  handling 
lantern  slides.  By  it  the  slides  are  not  only  interchanged  in  a  simple  and 
suitable  way.  but  the  pictures  on  the  screen  are  transposed  in  a  way  as 
pleasing  to  the  eye  as  the  old  "dissolving  effect"  heretofore  accomplished 
only  by  the  use  of  two  outfits,  one  above  the  other.  This  effect  is  attained 
with  a  single  delineascope.  The  effect  is  more  like  that  produced  by  the 
moving  picture  machine,  the  new  picture  being  on  the  screen  before  the 
retina  takes  cognizance  of  the  change. 

The  control  and  conservation  of  light  is  so  arranged  that  opaque  objects 
— ()l)jects  of  considerable  thickness — objects  of  rotundity  are  illuminated 
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not  only  from  the  rear  but  from  all  sides,  thus  avoiding  the  pronounced 
shadows  on  three  sides  of  such  objects,  and  especially  in  front  as  has 
usually  been  observed  when  such  work  has  been  attempted.  If  this  has 
been  successfully  accomplished*  as  the  makers  claim  these  Delineascopes 
certainly  offer  advantages  worthy  the  consideration  of  those  contemplating 
the  purchase  of  projection  outfits. 


— or 

BOOK  REVIEWS. 

Applied  Physics,  by  V,  D,  Hawkins,  Technical  High  School,  Cleveland, 
Pages  1x4-199.  11x20  cm.  Cloth,  1912.  Longmans,  Green  ft  Co.,  New 
York. 

A  splendid  book,  one  in  which  the  author  has  kept  aloof  from  the 
erg,  djme,  and  other  terms  wpich  do  not  particularly  help  the  "average" 
high  school  pupil,  and  coupled  the  book  and  student  to  the  common 
everyday  phenomena  of  life. '  It  is  a  book  in  which  one  will  become 
interested  because  he  is  brought  in  touch,  quickly,  with  those  funda- 
mental principles  of  physics  which  have  already,  to  a  great  extent, 
arrested  his  attention.^  Th^  author  does  not  claim  to  have  covered  all 
the  physics  ground  uT  this  ttxt,  he  has  left  to  the  live,  well-informed 
instructor  that  interesting  and  helpful  phase  of  the  subject,  the  illustra- 
tive experiment.  i  • 

The  work  is  divided  into  nine  chapters  with  headings  as  follows: 
mechanics;  dynamics:  mechanics  of  fluids;  sffcngth  of  molecules;  sound; 
light;  heat;  heat  engines  and  transmissi^ps  of  heat  and  magnetism  and 
electricity. 

There  are  one  hundred  sixty-nine  drawings  and  half-tones,  all  being 
selected  to  illustrate  clearly  the  principles  in  physics  under  discussion. 
Many  practical  problems  are  given,  in  the  solution  of  which  the  pupil 
will  be  able  to  lay  hold  of  the  subject-matter  understandingly. 

C.  H.  S. 
The  Francis  W.  Parker  School  Year  Book,  Vol.  I,  by  the  Faculty  of  the 
Francis  W,   Parker  School,  Chicago.     Pages   140.     Price  35  cents. 
Press  of  the  Francis  W.  Parker  School,  330  Webster  Avenue,  Chi- 
cago, 1912. 

The  faculty  of  the  Francis  W.  Parker  School,  Chicago,  has  undertaken 
to  publish  annually  a  volume  entitled  the  Francis  IV.  Parker  School 
Year  Book,  consisting  of  a  series  of  concrete,  illustrated  reports  of  work 
actually  done  in  the  school. 

This  school  is  in  the  nature  of  an  educational  laboratory,  or  an  experi- 
ment station  in  education.  Being  unhampered  by  the  traditions  that  beset 
the  average  school,  and  free  to  experiment  in  any  way  with  the  content 
of  the  course  of  study  and  methods  of  organization  and  teaching,  the 
school  is  endeavoring  to  carry  out  certain  modem  fundamental  principles 
and  aims  in  education — principles  and  aims  advanced  especially  by  Colonel 
Francis  W.  Parker,  one  of  the  pioneers  in  the  modern  educational  move- 
ments in  this  country. 

The  school  proposes  to  share,  with  the  general  educational  public,  the 
benefits  of  its  experimentation,  through  the  Year  Book.  Each  volume 
will  be  devoted  to  some  one  phase  of  education  as  actually  worked  out  in 
the  school. 

Volume  I  is  devoted  to  the  social  motive  in  school  work,  and  consists 
of  a  number  of  reports  dealing  with  phases  of  handwork,  music,  dra- 
matics, etc.,  in  which  the  social  motive  predominates.  The  reports  are 
plentifully  illustrated — thirty-six  illustrations  in  all — and  show  in  a  con- 
crete way  how  the  projects  or  activities  described  are  made  use  of  in 
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the  class  room.  The  experiences  of  the  school  are  thus  suggested  in 
dealing  with  the  great  educational  problems  of  motivation,  correlation,  etc., 
of  the  present  day. 

The  volume  should  be  of  immense  practical  value  to  every  teacher  in 
the  country. 

Elements  of  Hydrostatics,  with  numerous  examples,  by  George  W.  Parker, 
Trinity  College,  Dublin.    viii+lSO  pages:    13x19  cm.    Cloth,  1912.    90 
cents  net.    Longmans,  Green  &  Co.,  New  York. 
This  book  follows  the  plan  of  the  author's  Elements  of  Mechanics.    It 
is  an  elementary  work  written  for  those  students  whose  knowledge  of 
mathematics  is  limited.    A  knowledge  of  elementary  geometry  and  algebra 
and  a  few  of  the  more  fundamental  principles  of  mechanics  is  all  the  math- 
ematics one  needs  for  an  understanding  of  the  book.    There  are  eight 
chapters.    It  is  written  in  a  clear  and  understandable  language.    Covers 
but  very  little  more  ground  in  this  subject  than  the  later  American  texts  in 
secondary  school  physics.    There  are  forty-eight  drawings,  many  of  which 
should  have  been  made  by  a  drawing  master.    It  abounds  with  numerous 
well-selected  examples  illustrating  the  principles  studied. 

C.  H.  S. 
Report  of  the  Illinois  State  Museum  of  Natural  History,  for  iqoq-io,  by 
G,  R.  Cook.    Curator,  557  pages.     16x22  cm.    Cloth.    Illinois  State 
Journal  Company,  Springfield. 
A  commendable  report  of  this  institution :    It  consists  of  three  divisions. 
Part  I,  General  Report.    Part  II,  Dictionary  Catalogue  of  Museum's  Li- 
brary.   Part  III,  Catalogue  of  Fossils  on  Exhibition. 

Part  I  gives  a  short  history  of  the  origin  and  growth  of  the  museum 
together  with  an  account  of  the  work  being  done.  It  also  contains  a 
strong  plea  for  the  erection,  by  the  state,  or  a  suitable  building  to  house 
its  valuable  collection  and  at  the  same  time  making  it  more  accessible  to 
the  public.  A  long  list  of  letters  from  prominent  scientists  and  educators 
of  the  state,  favoring  the  project,  is  given.  This  building  must  come. 
People  interested  should  agitate  the  question,  work  for  the  passage  of  a 
bill  by  the  legislature  authorizing  its  construction. 

Part  II  is  valuable  in  that  is  consists  of  a  catalogue  of  valuable  books 
and  articles  on  science  and  kindred  matters,  possessed  by  the  museum. 
Part  III  is  devoted  to  a  list  of  fossils  on  exhibition  which  are  alphabet- 
ically arranged  and  tells  the  locality  from  which  the  specimen  came. 
It  will  be  a  valuable  book  of  reference  to  anyone  interested  in  science. 

C.  H.  S. 
Chemistry  in  High  Schools,  Bulletin  of  the  University  of  Texas,  by  £.  P. 
Schoch.  Pages  viii-hll7.  15x23  cm.  Paper,  July,  1912.  Price,  free. 
University  of  Texas  Press,  Austin,  Tex. 
A  book  which  is  worth  while  for  every  teacher  of  chemistry  to  own. 
The  reviewer  has  nothing  but  words  of  commendation  to  express  con- 
cerning it.  Write  and  get  a  copy,  it  is  free  for  the  asking.  All  teachers 
probably,  will  not  agree  with  every  statement  made  by  this  splendid 
teacher  and  chemistry  enthusiast,  the  author.  The  bulletin  is  made  to 
use  on  earth.  Any  teacher  or  school  about  to  establish  a  course  in 
chemistry  should  possess  a  copy  as  it  tells  what  to  do  and  how  to  do 
it.  Teachers  in  chemistry  courses  already  in  ojj^ration,  should  have  a 
copy  as  it  tells  what  a  teacher,  abreast  of  the  times,  is  doing.  The  work 
is  divided  into  four  parts.  Part  I.  Equipment,  is  filled  with  just  that 
kind  of  information  that  a  teacher  of  chemistry  must  know  about.  Part 
II.  Plan  and  Conduct  of  the  Course.  Here  are  discussed  the  why  and 
how  and  the  essentials  of  a  practical  up-to-date  course  in  chemistry. 
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Part  III.  Outline  of  an  Introduction  to  the  First  Principles.  Here  the 
teacher  will  find  an  outline  of  the  fundamentals  which  should  be  taught 
Part  IV  is  a  discussion  of  alternating  current  rectifiers. 

Every  reader  of  this  description  of  the  bulletin  should  send  for  a 
copy.  C.  H.  S. 

Superintendents  and  Principals  Association  of  Northern  Illinois.    Seventh 

Year  Book,    39  pages.     17x24  cm.     Paper,  1912.    The  University  of 

Chicago  Press. 
Reports  of  meetings  of  this  and  other  associations  have  heretofore 
consisted  very  largely  of  discussions  of  fundamental  principles.  There 
has  always  been  a  demand  for  something  tangible,  something  which  could 
at  once  be  put  into  practical  operation.  This  report  confines  itself 
entirely  to  the  consideration  in  a  practical  way  to  three  phases  of  ele- 
mentary school  work.  "Third  Grade  History  Work  in  Francis  W. 
Parker  School"  is  discussed  in  an  eminent,  practical  and  suggestive  man- 
ner, by  Pearl  B.  Conley.  Her  discussion  is  full  of  helpful  hints.  The 
second  subject,  "Heat  as  a  Topic  for  the  Experimental  Science  Work  of 
the  Eighth  Grade,"  is  handled  by  that  prince  of  teachers,  Otis  W.  Cald- 
well, of  the  University  of  Chicago.  A  splendid  outline  for  work  to  be 
done  with  simple  apparatus  is  given.  "Corn,"  the  third  topic,  is  handled 
by  Charles  A.  McMurray  of  the  Northern  Illinois  Normal  School,  in  a 
manner  which  at  once  appeals  to  teacher.  The  outline  is  such  that  it  can 
be  carried  out  in  any  school  with  effectiveness. 

C.  H.  S. 
The  Teaching  of  Physics,  by  C.  Rib  org  Mann,  University  of  Chicago. 

Pages  xxv+304.    13x20  cm.    Cloth,  1912.    $1.25  net.    The  Macmillan 

Company,  New  York. 
A  book  for  which  teachers  of  physics  have  long  been  waiting.  It  is  the 
result  of  the  collected  data  and  contributions  of  the  author's  long  and 
intimate  connection  with  the  New  Movement  among  Physics  Teachers.  It 
is  a  live  book  in  every  respect  and  demonstrates  that  the  cultural  side 
of  education  can  be  developed  equally  well  from  the  study  of  physics  as 
from  the  study  of  Greek  literature  or  any  other  of  the  Humanities  if 
properly  handled,  and  at  the  same  time  the  practical  or  vocational  phase 
of  the  subject  can  be  emphasized  to  the  fullest  extent.  It  will  exert  a 
tremendous  influence  in  helping  to  destroy  this  mythical  partition  which 
has  existed  aparently  impregnable  for  decades,  between  the  so-called 
cultural  subjects  and  those  of  a  "daily  bread"  character. 

The  book  is  divided  into  three  parts  the  first  of  which  traces  "The 
Development  of  the  Present  Situation,"  discussed  in  four  chapters  under 
the  following  heads:  Natural  Philosophy,  Prescribed  Physics  and  Text- 
books, Books  New  and  Old.  Part  two  deals  with  "Physics  and  Demo- 
cratic Education"  likewise  in  four  chapters  with  titles  like  this:  The  Ped- 
igrees of  Physics,  The  Methods  of  Physics,  The  Biography  of  Physics, 
and  The  Discipline  of  Physics.  No  one  can  truthfully  take  exceptions  to 
the  treatment  of  the  phases  of  the  work  in  these  two  divisions.  There 
may  be  a  chance  for  some  disagreement  with  the  third  part  Yet  the 
matter  is  treated  in  an  eminently  logical  and  systematic  manner,  showing 
careful  thought  and  study.  Very  few  readers  of  the  book  will  at  present, 
at  least,  be  able  to  improve  upon  the  methods  and  suggestions  given  under 
"Hints  at  Practical  Applications"  with  chapters  on:  The  Concrete  Prob- 
lem, The  Organization  of  the  Course,  The  Laboratory  and  Testing  Re- 
sults. 

The  chapters  in  parts  II  and  III  are  supplied  with  a  list  of  references 
to  kindred  subjects,  none  of  which,  however,  have  been  published  more: 
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than  twelve  years.  A  bibliography  of  nine  pages  is  given  at  the  end 
which  contains  list  of  articles  bearing  upon  this  work  which  have  ap- 
peared in  the  more  important  educational  Journals,  during  the  past 
•decade.  It  is  a  work  which  every  physics  teacher  should  read,  is  interest- 
ing and  full  of  information  and  ideas,  and  deserves  a  wide  circulation 
which  it  doubtless  will  have.  C.  H.  S. 

Outlines  of  Applied  Optics,  by  P.  S,  Nutting,  Bureau  of  Standards, 
Washington,  D.  C,  ix-|-236.  73  illustrations.  14x21  cm.  Cloth,  1912. 
$2.00  net.  P.  Blakiston  Son  &  Co.,  Philadelphia. 
This  book  deals  with  optical  instruments  and  measurements  from  the 
standpoint  of  sensibility  and  precision.  The  introduction  discusses  some 
of  the  fundamental  principles  of  optics,  while  the  first  three  chapters  treat 
of  the  formation  of  images  and  the  instruments  used  in  producing  them; 
the  remaining  nine  chapters  describe  special  instruments  for  studying 
light  and  determining  optically  the  properties  of  certain  materials.  The 
book  is  not  written  so  much  for  the  benefit  of  the  student  and  investigator 
as  for  the  actual  worker  in  applied  optics.  The  real  worker  in  optics 
has  had  his  university  training  and  understands  that  in  photography, 
colorimetry,  illuminating  engineering,  optical  engineering-lens  design,  etc, 
his  knowledge  of  the  theory  of  light  must  now  be  applied  in  a  practical 
way  to  better  conserve  our  sources  of  light  energy  through  the  use  of  more 
perfect  optical  instruments.  One  of  the  most  neglected  fields  of  investi- 
gation is  that  of  applied  optics.  This  book  will  greatly  aid  anyone  who 
may  select  this  field  for  study.  Each  chapter  closes  with  a  list  of  refer- 
ences to  articles  on  kindred  subjects.  All  students  and  workers  in  optics 
and  optical  instruments  should  provide  themselves  with  a  copy  of  this 
hook.  C.  H.  S. 

Earth's  Features  and  Their  Meaning,  by  IVilliam  Herbert  Hobbs,  Uni- 
versity of  Michigan.  Pages  xxxiv-|-506.  15x22  cm.  Cloth,  1912. 
$3.00  net    The  Macmillan  Company,  New  York. 

The  name  of  the  author  of  this  volume  is  a  sufficient  guarantee  of  its 
high  worth  and  character.  It  has  been  written  both  for  the  student  and 
f^eneral  reader.  It  consists,  very  largely  in  an  expanded  form,  of  a  series 
■of  illustrated  lectures  which  have  been  given  for  a  number  of  years,  each 
semester,  at  the  University  of  Michigan.  As  one  studies  the  volume,  he 
is  impressed  with  the  fact  that  the  predominant  characteristics  of  it  are 
a  general  description  of  the  Earth's  features  and  its  geological  processes 
which  have  brought  them  about.  The  author  has  not  even  attempted  to 
cover  the  entire  field  of  geology,  but  has  confined  himself  to  those  geolog- 
ical processes  and  phases  which  are  best  illustrated  by  examples  in  North 
America  and  Europe.  The  subject  matter  is  presented  in  such  an  interest- 
ing and  intelligent  manner  that  the  general  reader  and  student  will  re- 
ceive from  its  study  such  an  understanding  of  the  subject  that  he  will 
be  able,  in  his  travels,  to  recognize  many  of  the  earth's  features  about 
which  he  has  read.  The  landscapes  which  are  represented  are  very 
largely  those  which  are  along  the  routes  of  travel.  Much  stress  has  been 
placed  on  the  dependence  of  the  chief  geological  processes,  of  a  region, 
upon  the  general  climatic  conditions  there  existing. 

The  subject-matter  is  treated  in  thirty-one  chapters  and  five  appendices. 
There  are  twenty-four  full-page  half-tone  plates  printed  on  extra  calen- 
dered paper.  Scattered  throughout  the  book  are  493  illustrations  bearing 
directly  upon  the  matter  under  discussion.  Reading  references  to  many 
journals  and  bulletins  are  given.  They  are  referred  to  by  abbreviations 
which  are  fully  explained  in  a  two-page  explanatory  list.     A  splendid  list 
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E.  Leybold's  Nachfolger 

COLOGNE  (GERMANY) 


SCIENTIHC  INSTRUMENT  MAKERS 


Grand  Prize  of  World's  Exhibition,  Bruuels,  1910,  ^Z2 
and  Twain,  1911,  High  Honora. 

INSTRUMENTS  OF  PRECISION.  ALL  KINDS  OF  PHYSICAL'APPARATUS 


Looser's  and  Kolbe's  Thermoscopes  with  aU  Accessories 
Dr.  Gaede*s  High  Vacuum  Pumps 

Vacuum  0.00001  mm  Hg. 

Universal  Rotary  Air  Pumps 

Vacuum  0,0 1  mm  Hg. 

Vacuum  Gauges,  Etc. 

Delivery  free  New  York  or  Baltimore.     Guarantee  of  delivery  in 

working  condition.     Discharge  of  all  formalities  at  the  Customs. 

English  Catalogue  with  Prices  in  $  sent  on  application. 
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of  reference  books  and  papers  is  appended  at  the  end  of  each  chapter. 
Principal  paragraphs  all  begin  with  bold  face  type.  A  complete  index  of 
sixteen  pages  is  given  at  the  end. 

This  is  a  book  which  should  be  possessed  by  every  teacher  of  earth 

science  and  geology,  whether  in  secondary  school  or  college.    It  deserves 

and  doubtless  will  have  a  large  circulation.  C.  H.  S. 

General  Science,  by  Bertha  M,  Clark,  William  Penn  High  School  for 

Girls,  Philadelphia.    363  pages.     13x19  cm.     Cloth,  1912.     American 

Book  Company,  New  York. 

This  is  a  splendid  book  which  has  been  written  for  the  purpose  of  giv- 
ing to  boys  and  girls,  going  out  into  life,  a  knowledge  of  scientific  and 
economic  principles  about  which  they  should  all  know.  It  has  not  been 
compiled  for  the  benefit  of  the  chosen  few  but  for  the  many.  Much 
stress  is  placed  upon  those  principles  and  activities  with  which  one  comes 
in  daily  contact.  It  tells  the  young  person  how  to  best  conserve  his 
energies  and  resources,  how  to  use  them  to  the  best  advantage  to  himself 
and  society  in  general. 

A  high  school  pupil  of  the  first  year  and  of  average  ability  will  have 
no  difficulty  in  understanding  and  becoming  interested  in  this  book.  It  is 
written  in  a  style  and  manner  which  at  once  appeals  to  the  secondary 
school  person. 

It  will  make  profitable  reading  for  the  mature  man  and  woman.  The 
author  has  endeavored  to  impart  not  information  so  much,  as  to  stimulate 
a  desire  in  the  growing  mind  for  something  which  is  worth  while.  The 
science  teacher  will  find  nothing  new  in  the  subject-matter,  but  will  find 
that  the  order  and  manner  of  presentation  is  different  from  that  given 
in  any  other  book  of  its  kind. 

There  are  thirty- five  chapters  covering  very  largely  the  subjects  treated 
in  physics.  Chapters  I- VI I  and  XX-XXVI  are  devoted  mainly  to  the 
chemical  side  of  science.  The  leading  paragraphs  all  begin  with  "bold 
face  type."  There  are  241  illustrations  and  drawings  which  help  greatly 
in  the  understanding  of  the  text.  It  is  written  in  a  clear  and  forcible 
manner.  Mechanically  the  book  is  well  made  and  will  stand  hard  usage. 
It  is  a  work  worthy  of  and  doubtless  will  have  a  large  sale. 

C.  H.  S. 
Medical  Education  in  Europe,  by  Abraham  Plexner,     Pages   xx4-357. 
18.5x25.5  cm.     Paper,  1912.    The  Carnegie  Foundations  for  the  Ad- 
vancement of  Teaching. 

This  splendid  report  is  an  outgrowth  of  the  Carnegie  Foundation's  re- 
port of  medical  education  in  the  United  States  and  Canada  which  appeared 
in  June,  1910.  This  later  volume  follows  very  largely,  the  plans  of  the 
first.  An  analytical  and  comprehensive  study  of  the  situation  in  Europe 
has  been  made.  It  will  assist  in  many  directions,  in  causing  the  authorities 
of  this  country  to  enact  such  requirements  as  will  put  our  medical  schools 
on  such  a  plane  as  will  cause  them  to  be  on  a  par,  at  least,  with  the  high 
humanitariam  motives  for  which  they  should  exist. 

According  to  President  Henry  S.  Pritchett,  three  fourths  of  the  medical 
schools  in  America  would  be  driven  out  of  existence  if  the  lowest  terms, 
upon  which  such  schools  exist  abroad,  were  applied  in  this  country.  The 
report  after  tracing  briefly  the  historical  development  of  the  modem 
medical  school  in  Europe,  first  discusses  the  distribution  of  physicians, 
showing  that  it  is  not  necessary  to  make  cheap  and  poor  physicians  in 
order  that  the  country  have  physicians  enough.  The  author  finds  med- 
ical education  in  Germany  still  leading  the  world,  largely  from  the  fact 
that  they  recognize  what  qualifications  a  good  physician  should  possess, 
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how  he  should  get  them  and  under  what  control  they  should  be  managed. 
An  important  part  of  the  report  deals  with  examinations,  comparing  the 
methods  of  the  Continent  with  those  of  the  United  States.  It  states  that 
medical  sects,  as  such,  have  no  standing  in  Europe.  It  is  the  well- 
qualified  physician  who  counts.  People  interested  in  the  higher  standard 
of  medical  education  in  this  country  should  read  and  study  the  report. 

C.  H.  S. 
Lessons  in  Physics.    A  Manual  for  Laboratory  and  Class  Work,  by  Her- 
bert Brownell,  Teachers^  College,  University  of  Nebraska.    132  pages. 
15x22  cm.    Cloth,  1912.    50  cents.    The  Torch  Press,  Cedar  Rapids.  la. 
This  is  a  revised  edition  of  the  author's  manual  and  is  greatly  amplified 
and  enlarged.     It  is  divided  into  two  parts.     It  is  for  use  primarily  in 
elementary  physics.     There  are  nearly  three  hundred  qualitative  experi- 
ments and  over  forty  of  a  quantitative  character.     There  are  over  two 
hundred  questions  inserted  at  the  proper  place  in  the  body  of  the  book. 
The  apparatus  used  is  simple  and  not  expensive.     Part  II  is  a  detailed 
outline  of  a  year's  work  in  physics.    It  is  written  in  a  clear  and  under- 
standable way.     The  pupil  will   readily  grasp  the   directions.     Especial 
emphasis  is  put  upon  the  method  of  teaching  as  an  art  for  general  culture. 
The  book  lacks  a  table  of  contents  and  index,  which  would  have  added 
greatly  to  its  worth.     No  drawings  are  given,  the  insertions  of  these  at 
the  proper  place  would  have  enhanced  the  value  of  the  book.     In  every 
case  where  the  abbreviations  Inf.  and  Obs.  are  used  it  would  have  been 
better  to  have  printed  in  full.  C.  H.  S. 

Who's  Who  in  Science,  edited  by  H.  H.  Stephenson,  Chemist  Royal  Doul- 
ton  Potteries,  Lambeth,  England.    Pages  xvi+323.    15x23  cm.    Cloth, 
1912.    $2.00  net.    The  Macmillan  Company,  New  York. 
A  book  which  has  made  a  heroic  attempt  to  tell  "who's  who"  in  science 
of  men  in  all  civilized  countries.     The  author  has  done  his  work  well 
in  so  far  as  it  has  been  possible  for  him  to  go.    Many  names  of  prominent 
scientists  do  not  appear,  largely  from  the  unwillingness  of  the  person  to 
comply  with  the  request  for  information  concerning  himself.    Banish  this 
false  modesty,  the  world  has  a  right  to  know  you  and  what  you  are  doing. 
What  a  charming  impression  is  made  on  one's  mind,  when  hunting  for 
information,  where  it  should  be  found,  to  find  that  which  you  are  after. 
Help  the  author  of  this  work  by  transmitting  to  him  a  short  account  of 
yourself. 

"Those  branches  of  knowledge  which  lie  on  the  border  line  between 
Science  and  the  Humanities  have  not  been  included."  Some  of  these  are 
Economics,  Education,  Pyschology,  Sociology,  etc.  Those  represented  arc 
■as  follows:  Agriculture  and  Forestry,  Anatomy,  Anthropolgy,  Astron- 
omy and  Meteorology,  Botany,  Chemistry,  Engineering,  Geology  and 
Mineralogy,  Mathematics,  Mechanics,  Pathology,  and  Pharmacology,  Phys- 
iology, Zoology.  There  are,  however,  many  names  who  have  become 
leaders  in  the  subjective  sciences  who  at  the  same  time  have  made 
brilliant  success  in  the  objective.  In  the  biographical  phase  of  the  work 
more  stress  is  put  upon  real  work  and  worth  than  upon  that  side  of 
science  represented  often  in  Ph.D.  thesises,  hence  but  few  degrees  are 
given,  membership  in  recognized  societies  being  given  instead.  All 
names,  where  possible,  have  been  translated  into  their  English  equivalent. 
The  names  of  Journals  are  given  in  the  language  in  which  they  are 
printed.  To  save  time,  labor,  and  space  many  abbreviations  are  used.  A 
two-paged  key  to  these  is  given  at  the  beginning.  Names  of  scientists 
who  died  in  1911  are  printed.  A  valuable  feature  of  the  book  is  a  list 
of  146  of  the  great  universities  of  the  world,  together  with  the  location, 
date  of  foundation,  president  or  principal,  registrar,  and  the  name  of  the 
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head  professor  of  the  sciences  mentioned   above.     Each   of  the  5,000 

(about)  names  is  printed  in  bold  face  type  followed  in  most  cases  with 

this  information:  position,  positions  held,  where  and  when  bom,  where 

educated,  societies  member  of,  books  and  articles  written.     There  is  a 

valuable  classified  index  appended  which  gives  the  science  in  which  the 

person  is  most  interested  and  the  country  to  which  he  belongs.    It  is  a 

valuable  book  of  reference.  C.  H.  S. 

Elements  of  Plane  Trigonometry  and  Tables,  by  Daniel  A,  Murray,  Ph.D., 

Professor   of  Applied   Mathematics   in   McGill    University.     Pages 

ix-h  136-1-95.    14x21  cm.    Price,  $1.00.    Longmans,  Green  &  Co.,  New 

York. 

It  would  seem  as  if  students  could  readily  grasp  the  clear-cut  definitions 
and  lucid  explanations  given  in  this  book.  The  graphical  method  of  solv- 
ing triangles  is  given  early,  and  its  importance  as  a  rough  check  is  shown. 
The  necessity  of  checking  results  is  emphasized,  but  there  is  little  in- 
centive for  students  to  check  their  results  when  the  answers  are  prinfed 
in  the  text-book.  Good  graphs  of  the  functions  are  printed,  and  there 
are  some  graphical  problems.  Some  use  is  made  of  the  line  definitions 
of  the  functions.  An  excellent  cardboard  protractor  is  furnished  with 
the  book.  The  large  type  and  well-spaced  pages  present  an  attractive  ap- 
pearance. H.  £.  C. 
The  OuHines  of  Educational  Psychology,  by  William  Henry  Pyle,  Uni- 
versity of  Missouri.  Pages  x+254.  14x20  cm.  Cloth,  1912.  $125 
net.    Warwick  and  York,  Baltimore. 

This  book  without  any  doubt  is  a  high-class  general  text-book  on  edu- 
cational psychology.  The  best  text-books  are  written  from  one's  expe- 
rience as  a  teacher  in  the  class  room.  This  is  a  compilation  of  ideas 
thus  gathered,  and  they  are  arranged  in  such  a  charming  manner  as  to 
cause  the  book  to  be  at  the  same  time  interesting  to  study  and  read  to 
both  pupil  and  teacher.  Those  facts  and  precepts  have  been  selected  for 
discussion  which  have  direct  bearing  upon  the  art  of  teaching. 

There  are  fifteen  chapters.  An  idea  of  the  general  subjects  discussed  may 
be  had  from  the  headings  which  are  as  follows :  Introduction ;  Body  and 
Mind;  Heredity;  Instincts;  The  Individualistic  Instincts;  The  Social  In- 
stincts; the  Environmental  Instincts;  The  Adaptive  Instincts — Play;  The 
Adaptive  Instincts — Imitation;  Habit,  Habit  and  Education;  Habit  and 
Moral  Training;  Memory,  Attention;  Fatigue.  The  book  abounds  with 
good  suggestions.  It  lambasts  those  high  school  abominations,  the  fra- 
ternity and  sorority.  It  is  not  only  a  book  for  teachers,  but  it  is  one 
with  which  the  parents  of  young  children  should  become  familiar.  State- 
ments like  the  one  here  quoted  give  one  a  cue  to  its  high  worth:  "The 
boy  who  must  hurry  home  from  school  to  use  the  bucksaw,  shovel,  ax, 
or  hoe,  and  who  spends  the  evening  around  the  family  fireside  reading 
and  talking  with  his  parents  and  brothers  and  sisters,  is  receiving  a  much 
better  training  for  citizenship  and  manhood  than  the  city  boy  who  belongs 
to  a  fraternity  and  spends  much  of  his  time  outside  of  the  school  and 
family  in  the  *smut  house,  smoke  house,  or  pool  room.  A  boy's  best 
club  should  be  the  family  circle  and  his  best  chum  should  be  his  father." 

Each  chapter  closes  with  a  list  of  English  reference  books  bearing  upon 
the  matter  under  discussion  and  also  a  splendid  list  of  questions  is 
appended  which  have  come,  very  largely,  from  the  author's  pupils. 

Mechanically  the  book  is  made  to  stand  hard  usage.  The  type  is  large 
and  clear.  The  principal  paragraph  begins  with  heavy  bold-face  type. 
It  deserves  a  large  sale.  C.  H.  S. 
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Free  Will  and  Human  Responsibility,  by  Herman  H.  Home,  New  York 
University.  Pages  xvi+ 197.  14x20  cm.  Cloth,  1912.  $1.50  net  The 
Macmillan  Company,  New  York. 

This  work  is  largely  a  development  of  the  author's  class  work  while 
at  Dartmouth  College.  It  is  a  most  interesting  discussion  of  the  question 
at  issue.  The  best  conception  of  the  book  is  obtained  by  mentioning  the 
titles  of  the  eight  chapters  which  are  as  follows:  Analogous  Issues,  His- 
torical Sketch  of  the  Issues;  The  Issue,  with  prelininary  remarks;  The 
(Arguments  for  Determinism;  Rebuttal  of  these  Arguments  for  Determin- 
ism ;  the  Arguments  for  Free  Will ;  Pragmatism  and  Freedom ;  The  Dif- 
ference it  Makes. 

Titles  to  the  main  paragraphs,  in  each  chapter,  are  printed  in  the 
margin.  Many  references  to  similar  discussions  are  given  in  the  body  of 
the  work.  A  bibliography  of  nearly  one  hundred  works  on  philosophy  is 
printed.  Uncalendered  paper  is  used,  the  t3rpe  being  large  and  clear, 
making  the  book  one  easy  to  read. 

C.  H.  S. 

lilementary  Plant  Biology,  by  James  Edward  Feabody  and  Arthur  Ells- 
worth  Hunt.  207  pages.  14x20  cm..  1912.  $.75  net.  The  Mac- 
millan Company,  New  York. 

This  book,  according  to  the  author,  /is  intended  as  a  text  and  laboratory 
manual  to  meet  the  needs  of  fourteen-ysiar-old  boys  and  girls.  The  scope 
of  the  book  is  quite  fully  outlined  di  the  preface  which  is  here  quoted 
freely. 

With  the  three  classes  of  activities — nutritive  functions,  reproductive 
functions,  and  the  relation  of  plants  to  man  clearly  in  mind  the  authors 
seek  to  unify  the  study  of  plant,  animal,  and  human  biology  by  choice  of 
topics  for  study  both  in  and  out  of  class,  and  by  the  manner  of  presenta- 
tion. Function  rather  than  structure  is  put  in  the  foreground,  although 
the  fact  that  some  morphology  is  essential  is  not  overlooked.  Common 
names  are  chosen  in  preference  to  scientific. 

Chapter  I  discusses  the  fundamental  differences  between  lifeless  and 
living  things  from  a  physiological  point  of  view  and  this  leads  directly  to 
a  discussion  of  the  composition  of  each  in  chapter  II,  which  is  by  no 
means  technical.  Formulae  and  symbols  are  avoided  as  much  as  seems 
compatible  with  an  elementary  understanding  of  the  subject.  The  fol- 
lowing chapters  are  given  to  a  discussion  of  cells  and  osmosis,  adaptation 
of  plants,  to  perform  nutritive  and  reproductive  functions,  propagation, 
relation  of  plants  to  human  beings,  and  classification.  Each  chapter 
is  replete  with  topics  well  adapted  to  stimulate  thought  and  originality 
on  the  part  of  student  and  teacher. 

In  discussing  the  struggle  for  existence  it  appears  that  one  important 
element  is  overlooked,  viz:  climatic  conditions.  In  section  133  it  seems 
that  an  erroneous  idea  is  given  in  saying  that  a  crop  rotation  of  com 
and  a  nitrogen-fixing  plant  will  increase  soil  fertility.  Crop  rotation 
alone  cannot  keep  the  necessary  elements  in  the  soil. 

These  sections  dealing  with  bacteria,  moulds  and  the  larger  fungi  are 
especially  useful  in  that  they  recognize  good  as  well  as  bad  fungi. 

The  venerable  Darwin  occupies  one  page — a  feature  which  is  com- 
mendable. In  fact  we  might  prefer  a  half-tone  of  Asa  Gray  or  some 
other  well-known  botanist  to  the  plow  and  harrow  figure  in  the  chapter 
on  plant  propagation.  High  school  teachers  will  doubtless  find  it  a  valu- 
able book  either  for  suggestion  or  as  a  text  to  be  used  in  class. 

S.  H.  S. 
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Johnson,  Johns  Hopkins  University ;  Section  H— J.  Walter  Fewkes,  Wash- 
mgton,  D.  C;  Section  I— John  Hays  Hammond,  New  York;  Section  K— 
J.  J.  McCleod,  Cleveland,  Ohio;  Section  L— J.  McKccn  Cattell,  Columbia 
University ;  Secretaries  of  Sections :  Section  B — W.  J.  Humphreys,  Mount 
Weather,  Va.;  Section  E— Geo.  F.  Kay,  University  of  Iowa;  Section  K— 
Waldemar  Koch,  Chicago  University;  General  Secretary,  H.  E.  Summers, 
Iowa  State  College;  Secretary  of  the  Council,  H.  W.  Springsteen,  West- 
em  Reserve  University. 
American  AssoaATioN  of  Economic  Entomologists. 

President,  W.  D.  Hunter,  Dallas,  Texas ;  Vice-Presidents,  T.  J.  Headlee, 
Manhattan,  Kan.;  R.  A.  Cooley,  Z      man,  Mont.;  Secretary,  A.  F.  Bur- 
gess, Melrose  Highlands,  Mass.        *'^' 
American  Mathematical  SocietV.' 

President,  Professor  H.  B.  Fine,  ^^rinccton  Universi^jr;  Vice-Presidents, 
H.  F.  Blichfeldt  and  Henry  Taber;  Secretary,  F.  N.  Cole;  Treasurer,  J. 
H.  Tanner;  L^rarian,  D.  E.  Smith;  Committee  of  Publication,  F.  N. 
Cole,  E.  W.  Brown  and  Virgil  Snyder. 
American  NAtube-Studt  Societt. 

PreMeni,  B.  M.  Davis,  Bfiami  University,  Oxford,  O. ;   Ftce-Pretu2etif«, 
Stanley  Coulter,  F.  L.  Stevens,  Gilbert  H.  Trafton,  and  F.  L.  Holts. 
American  Paleontological  Society. 

President,   David   White,   Washington.   D.   C;    Vice-President,   J.   C. 
Merriam,  Berkeley,  Cal.;  Secretary,  R.  S.  Bassler,  Washington,  D.  C; 
Treasurer,  Richard  S.  Lull,  New  Haven,  Conn.;  Editor,  Charles  R.  East- 
man, Cambridge,  Mass. 
American  Physiological  Society. 

President,  S.  J.  Meltzer,  New  York ;  Secretary,  A.  J.  Carlson,  Chicago ; 
Treasurer,  W.  B.  Cannon,  Boston;  Members  of  the  Council,  J.  Erlanger, 
St.  Louis,  and  F.  S.  Lee,  New  York. 
American  Sooety  of  Biochemists. 

President,  Dr.  Archibald  B.  Macallum,  University  of  Toronto;  Secre- 
tary, Dr.  A.  N.  Richards,  University  of  Pennsylvania ;  Treasurer,  Dr.  Walr 
ter  Jones,  Johns  Hopkins  University ;  Councilors,  Drs.  L.  B.  Mendel,  Yale, 
and  H.  Gideon  Wells,  University  of  Chicago. 
American  Society  of  Naturalists. 

President,  Professor  E.  G.  Conklin,  Princeton  University;  Vice-Presi- 
dent, Professor  R.  G.  Harrison,  Yale  University;  Secretary,  Professor  A. 
L.   Treadwell,   Vassar  College;   Treasurer,   Professor  W.   E.   KcUicott. 
Goucher  College. 
Association  of  Ohio  Teachers  of  Mathematics  and  Science. 

President,  Ralph  W.  Buck,  Stivers  Manual  Training  High  School,  Day- 
ton, Ohio;  Vice-President,  S.  E.  Rasor,  Ohio  State  University,  Columbus, 
Ohio;  Secretary-Treasurer,  Miss  Harriet  E.  Glazier,  The  Western  College 
for  Women,  Oxford,  Ohio;  Assistant  Secretary,  Miss  Helen  E,  Rinehart, 
Central  High  School,  Toledo,  Ohio. 
Association  of  American  Geographers. 

President,   Rollin    D.    Salisbury,   University   of   Chicago;   First   Vice- 
President,  Marius  R.  Campbell;  Second  Vice-President,  Isaiah  Bowman; 


Digitized  byLjOOQlC 


654  SCHOOL  SCIENCE  AND  MATHEMATICS 

Secretary,  Albert  Perry  Brigham,  Colgate  University;  Treasurer,  Ncvid 
M.  Fenncman;  Councilor  for  three  years,  Lawrence  Martin. 
Association  op  Mathbmaticai^  Teachers  in  New  Englakr 

President,  Archibald  V.  Galbraith,  Middlesex  School,  Concord,  Mass.; 
Vice-President,  George  D.  Olds,  Amherst  College;  Secretary,  Harry  D. 
Gaylord,  98  Hemcnway  St.,  Boston;  Treasurer,  F.  W.  Gentleman,  Me- 
chanic Arts  High  School,  Boston. 

Association  of  Teachers  of  Mathematics  for  the  MmotE  States  and 
Maryland. 

President,  I.  J.  Schwatt,  University  of  Pennsylvania;   Vice-President, 
A.  E.  King,  Erasmus  Hall  High  School,  Brooklyn;  Secretary,  H.  F.  Hart, 
Montclair    High  School,  Montclair,  N.  J.;  Treasurer,  Susan  C  Lodge; 
Philadelphia  Collegiate  Institute,  Philadelphia. 
Botanical  Society  op  America. 

President,  L.  R.  Jones,  University  of  Wisconsin;  Vice-President,  R  M. 
Duggar,  Cornell  University;  Secretary,  G.  T.  Moore,  Washington  Univer- 
sity; Councilor,  Wm.  Trelease,  Missouri  Botanical  Garden. 
Central  Assooation  op  Science  and  Mathematics  Teachers. 

Executive  Committee — President,  Herbert  E.  Cobb,  Lewis  Institote; 
Chicago,  111.;  Secretary-Treasurer,  C.  E.  Spicer,  Joliet  Township  Hi^ 
School,  100  Sherman  Street,  Jfoliet  111.;  Assistant  Secretary-Treasurer, 
F.  C.  Donecker,  Crane  Technical  High  School,  Chicago,  III;  Biology^ 
Chairman,  Fred  W.  Werner,  North  Division  High  School,  Milwaukee. 
Wis.;  Vice-Chairman,  W.  H.  Wright,  McKinlcy  High  School  Chicago, 
III;  Secretary,  J.  R.  Locke,  Streator  Township  High  School,  Streator, 
III;  Chemist ry--CAairma«,  J.  W.  Shepherd,  Chicago  Teachers  College, 
Chicago,  III;  Vice-Chairman,  Chester  B.  Curtis,  Central  High  School,  St 
Louis,  Mo.;  Secretary,  Leon  D.  Judd,  Lockport  Township  High  School 
Lockport,  III;  Earth  Science — Chairman,  G.  R.  Mansfield,  Northwestern 
University,  Evanston,  III;  Vice-Chairman,  W.  E.  Durstinc,  Technical 
High  School,  Cleveland,  Ohio;  Secretary,  Bertha  Henderson,  State  Nor- 
mal School,  Whitewater,  Wis.;  Mathematics— C/uitrmon,  Ira  S.  Condit 
Iowa  State  Teachers  College,  Cedar  Falls,  la.;  Vice-Chairman  Chas.  W. 
Newhall,  Shattuck  School,  Faribault,  Minn.;  Secretary,  E.  Marie  Gugle, 
Central  High  School,  Toledo,  Ohio;  Physics— Clwtrmon,  E.  E.  Bums, 
Medill  High  School,  Chicago,  III;  Vice-Chairman,  William  M.  Butler, 
Yeatman  High  School,  St  Louis,  Mo.;  Secretary,  E.  P.  Reynolds.  State 
Normal  School,  Platteville,  Wis. 
Colorado  Mathematics  Association. 

President,    Saul    £^8teen.   University   of   Colorado,    Boulder;    Seoretanf- 
Treasurer,  Oraoe  E.  Shoe,  North  Side  High  School,  Denver. 
Eastern  Association  op  Physics  Teachers. 

President,  C.  S.  Griswold,  Groton  School,  Groton,  Mass.;  Vice-Presi- 
dent, Fred  H.  Cowan,  Girls'  Latin  School,  Boston,  Mass.;  Secretary,  Al- 
fred M.  Butler,  High  School,  East  Boston,  Mass.;  Treasurer,  Percy  S. 
Brayton,  Medford  High  School,  Medford,  Mass. 
Entomological  Society  of  America.    Meeting  in  December. 

President,  Stephen  A.  Forbes;  First  Vice-President,  A.  D.  Hopkins, 
Second  Vice-President,  C.  P.  Gillette;  Secretary-Treasurer,  Alex  D.  Mac- 
Gillivray ;  Additional  Members  of  Executive  Committee,  J.  H.  Comstock, 
J.  B.  Smith,  Henry  Skinner,  Herbert  Osbom,  E.  D.  Ball,  P.  P.  Calvert; 
Member  of  Committee  on  Nomenclature,  H.  T.  Femald. 
Geological  Society  of  America. 

President,  Herman  L.  Fairchild,  Rochester  University;  Vice-Presidents, 
I.  C.  White  and  David  White;  Secretary,  Edmund  O.  Hovey;  Treasurer, 
William    B.    Clark;    Editor,   Joseph    Stanley- Brown ;   Librarian,    H.    P. 
Gushing. 
Illinois  State  Academy  of  Sciencb. 

President,  Henry  Crew,  Northwestern  University,  Evanston;  Secretary, 
Otis  W.  Caldwell,  University  of  Chicago;   Treasurer,  John  C.  Hessler. 

{ames  Millikin  University,  Decatur,  III 
M  DIANA  Academy  of  Scdbnoe. 
President,  Charles  R.  Dryer,  State  Normal  School;  Vice-President,  David 
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W.  Dennis,  Earlham  College;  Secretary,  Andrew  J.  Bigney,  Afoores  Hil] 
College;  Ataittant  Secretary,  E.  A.  Williamson;  Prese  Secretary,  Milo  H. 
Stuart,  Indianapolis  Manual  Training  Scliool;  Treasurer,  W.  J.  Moenhaus, 
State  University;  Editor,  L.  J.  Rettger,  State  Normal  School. 
Indiana  Association  of  Sciknce  and  Mathematics. 

President,  C.  A.  Vallance,   Indianapolis;    Vice-Preeident,  Roy  Cummins, 
Fort  Wayne;  Secretary-Treasurer,  Henry  P.  A.  Meier.  Bvansville. 
Iowa  Association  op  Mathematics  Teachers. 

President,  L.  F.  Ncff,  Drake  University,  Des  Moines;  Vice-President, 

C.  S.  Cory,  State  Teachers  College,  Cedar  Falls ;  Secretary,  Harriet  Solo- 
mon, Keokuk  High  School. 

Kansas  Association  op  Mathematics  Teachers. 

President,  W.  H.  Andrews,  State  Agricultural  College,  Manhattan ;  Vice- 
President,  Fiske  Allen,  State  Normal,  Emporia;  Secretary-Treasurer, 
Eleanora  Harris,  High  School,  Hutchinson. 

Mathematical  and  Physical  Skotion  of  the  Ontario  Bdugational  As- 
sociation. 

Hon,  President,  J.  A.  Houston,  BSducation  Department,  Toronto;  Preei- 
dent,  W.  J.  Patterson,  Western  University,  London;  Vice-President.  R. 
Wigntman,  Hartford  Coll.  Inst.,  Toronto;  Secretary-Treasurer,  A.  M.  Over- 
holt,  Coll.  In8t»_London ;  Counctttors,  W.  L.  Sprung,  A.  M.  Robertson,  G. 
W.  Keith,  W.  W.  Rutherford,  T.  Kennedy. 
Mathematics  Section  op  the  California  Teachers'  Association. 

President,  Miss  May  V.  Haworth,  High  School,  Alameda;  Vice-Presi- 
dent, Principal  O.  A.  Johnson,  High  School,  San  Mateo ;  Secretary^  Mr. 

D.  W.  Lindsay,   High   School,   Mountain  View;  Member  of  Executive 
Committee,  Dr.  A.  W.  Stamper,  State  Normal  School,  Chico. 
Missouri  SodErr  of  Teachers  of  Mathematios  and  Science. 

President,  Charles  Ammerman,  St.  Louis;  Secretary,  L.  D.  Ames,  Col- 
umbia; Mathematics  Division — Vice-President,  Byron  Cosby,  Kirksville; 
Secretary,  Clyde  Hill,  Springfield;  Science  Division — Vice-President,  E.  L. 
Harrington,  Marjrville;  Secretary,  Sidney  Calvert,  Columbia;  Treasurer, 
A.  J.  Schwartz,  St.  Louis.  512 
Natural  Science  Section  of  the  Ontario  EjDugational  Association. 

Hon.  President,  Professor  C.  O.  Chant;  President,  Major  W.  J.  Hamil- 
ton; Vice-President,  A.  Pearson;  Secretary-Treasurer,  Arthur  Smith.  412. 
New  Bnoland  Association  of  Chemistry  Teachers. 

President,   Frederick   C.   Adams,   Mechanic    Arts   High   School,    Boston, 
Mass. ;  Vice-President,  Charles  W.  Goodrich,  High  Scho^  Waltham,  Mass. ; 
Secretary,  Edward  S.  Bryant,  Bverett  High  School,  Everett,  Mass.;  Treas- 
urer, Alfred  M.  Butler.  East  Boston  High  School,  East  Boston,  Mass. 
New  York  State  Science  Teachers'  Association. 

President,  Ernest  Reveley  Smith,  North  High  School,  Syracuse;  Vice- 
President,  Guy  A.  Bailey,  State  Normal  School,  Geneseo ;  Secretary-Treasr 
urer,  Bryan  O.  Burgin,  High  School,  Albany ;  Council :  1912,  J.  S.  Shearer, 
Cornell  University,  Ithaca;  F.  L.  Bryant,  Erasmus  Hall  High  School 
Brooklyn;  O.  C.  Kenyon,  Central  High  School,  Syracuse.  1913,  W.  M. 
Smallvirood,  Syracuse  University;  W.  M.  Bennett  West  High  School, 
Rochester;  F.  P.  Huested,  High  School,  Albany.  1914.  A.  G.  Clement, 
Education  Dept.,  Albany;  W.  D.  Merrell,  University  of  Rochester;  J.  E. 
Whitsit,  De  Witt  Clinton  High  School,  New  York  City.  1915,  J.  R. 
Kelton,  High  School,  Amsterdam;  H.  A.  Carpenter,  West  High  Soiool. 
Rodiester;  J.  A.  Randall,  Pratt  Institute,  Brooklyn. 
North  Dakota  Association  of  Science  and  Mathematics  Teachers. 

President,  Principal  W.  C.  Stebbins,  High  School,  Grand  Forks;  Vice- 
President,  E.  G.  Burch,  State  Science  School,  Wahpeton;  Secretary,  L.  B. 
McMuUen,  State  Normal  School,  Valley  City. 

Northeastern  Ohio  Association  op  SaENCE  and  Mathematics  Teach- 
ers. 

President,  A.  F.  M.  Petersilgc,  East  Hiffh  School  Cleveland;  Vice- 
President,  H.  L.  Armstrong,  Akron  High  School;  Secretary-Treasurer, 
H.  T.  McMyler,  High  School  of  Commerce,  Cleveland;  Executive  Com- 
mittee, H.  W.  Kennedy,  Lakewood  High  School;  Miss  Jean  Dawson, 
Normal  School,  Cleveland;  W.  E.  Durstinc,  Technical  High  School, 
Cleveland;  O.  W.  Kurtz,  Bedford  High  School;  Supt  W.  A.  Walls, 
Kent,  Ohio. 
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Northwestern  Ohio  Center  op  the  Central  Association  op  SciENce 
AND  Mathematics  Teachers. 
President,  C.  M.  Bronson;  Vice-President,  Miss  Marie  Ougle,  Secre- 
tary-Treasurer, M.  R.  Van  Clcve.  all  of  the  Toledo  Central  Hig^  Sdiool; 
Executive  Committee,  Miss  Schneider,  W.  P.  Holt,  A.  W.  Stnart*  T<rfedo 
Central  High  School,  Miss  Strempfer,  Toledo  East  High  School  and  L  F. 
Mattison,  Delphas. 

Pacific  Coast  Association  of  Chemistry  and  Physics  TEACHEas. 

President.  William  H.  Williams,  Fremont  High  School,  Oakland;  Vice- 
President,  Clara  Shira.  College  City,  Cal. ;  Secretary-Treasurer,  B.  A.  Per- 
kins, Berkeley  High  School,  Berkeley,  Cal. 

Physics  Club  of  New  York. 

President,  Raymond  B.  Brownlee,  Stuyvesant  High  School;  Secretary, 
F.  W.  Huntington,  Erasmus  Hall  High  School. 

Southern  California  Science  and  Mathematics  Association. 

President,  G.  C.  Bush,  South  Pasadena  City  Schools;  Vice-President, 
H.  C.  Van  Buskirk,  Throop  Polytechnic  Institute,  Pasadena;  Secretary- 
Treasurer,  A.  A.  Hummel,  Los  Angeles  State  Normal  SchooL 

Mathematics  Section — Chairman,  Frank  Van  Vliet,  Long  Beach  High 
School;  Secretary,  Miss  Amina  McNaughton,  Pasadena  High  SchooL 

Wisconsin  Association  of  Mathematics  Teachers. 

President,  Henry  Ericson,  Milwaukee;  Vice-President,  Mary  C.  Nye. 
Superior;  Secretary-Treasurer,  Professor  W.  W.  Hart,  Madison;  Chair- 
man Executive  Committee,  J.  V.  Collins,  Stevens  Point. 
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structive. This  work  is  highly  commended  by  High  School,  College,' an  I 
University'  Professors. 

"A  beautiful  and  hiirhly  praiseworthy  book."— George  Bmoe  Halsted,  A.B,  and  A.M. 
Princeton  University;  Ph.D..  Johns  Hopkins;  F.B.A.S.:  ProfbBSoar  of  MathemaUcs  in  tU 
Ck>lorado  State  Teachers'  College,  Oreeley,  Colo. 

**An  excellent  book  and  one  that  will  commend  itself  to  all  lovers  of  this  exact  sdeace.'*— Tt. 
B.  M.  Zerr.  A.  M..  Ph.D..  Professor  of  Mathematics  in  the  Central  Manual  Training  High  School. 
Philadelphia.  Pa. 
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LABORATORY  WORK  IN  HIGH  SCHOOL  OEOORAPHT.' 

By  Geo.  D.  Hubbard, 
Oberlin  College,  Oberlin,  O. 

Introduction. 

During  the  last  twenty  years  our  secondary  school  geography 
has  been  discussed  from  almost  all  possible  points,  and  it  might 
seem  that  little  more  could  be  said.  I  shall  not  at  this  time  claim 
to  have  something  new  to  present,  but  will  mention  briefly  a  few 
points  that  appeal  to  me. 

By  way  of  introduction  to  our  specific  subject,  let  us  take 
stock  of  our  present  condition.  There  have  been  many  com- 
plaints that  geography  is  losing  ground  as  a  science,  scattering 
its  force,  and  becoming  a  mere  jumble  of  unrelated  facts.  This 
is  transitional.  The  purely  physical  geography  was  abused  and 
is  being  replaced  by  something  better;  and  in  the  process  of 
changing  many  things  are  being  tried,  some  to  remain,  some  to 
be  cast  aside.    Here  is  the  chief  cause  for  the  present  confusion. 

But  to-day  the  signs  are  encouraging.  Three  generations  of 
text-books  have  come  out  since  the  Report  of  the  Committee  of 
Ten.  Each  has  departed  farther  than  its  predecessor  from  the 
spirit  of  that  report,  and  each  has  come  closer  to  what  the  more 
advanced  secondary  schools  are  now  calling  for.  I  think  the  last 
generation  of  books  would  have  fitted  very  well,  had  it  arrived 
three  or  four  years  earlier;  but  the  trend  of  the  call  is  decidedly 
away  from  physical  geography,  from  the  physical,  systematic 
side;  and  towards  the  correlation  of  physical  with  human  ele- 
ments— industrial,  commercial,  ethnical,  and  even  ethical  and  re- 
ligious elements.  And  the  books  are  becoming  less  systematic  and 
more  humanistic,  and  likewise,  more  geographic.  I  have  re- 
cently learned  that  a  still  further  advance  is  now  being  prepared. 
I  await  it  with  interest.    I  know  it  will  be  good.^ 

Again  we  are  doing  much  better  and  much  more  laboratory 
work  than  was  done  a  few  years  ago.    It  has  been  my  privilege 


*Read  March  29,  1912.  before  the  Association  of  Ohiq  Teachers  of  Mathematics 
and  Science. 

'Since  writing  the  above  two  new  books  have  appeared  in  this  category:  one  by 
A  normal  school  teacher,  the  other  three  university  men. 
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to  examine  high  school  laboratory  notebooks.  Not  many  years 
ago  I  read  a  notebook  in  physical  geography,  submitted  fcM-  col- 
lege entrance  credit,  which  had  absolutely  nothing  in  it  but  a 
considerable  collection  of  half-tone  pictures  of  scenery.  They 
had  been  clipped  from  newspapers,  railroad  folders,  and  the  like. 
There  was  not  a  note  or  comment  to  tell  what  the  scenes  stood 
for,  either  in  their  original  setting  or  physiographically — ^no  writ- 
ing but  the  pupil's. name,  his  school,  and  the  teacher's  O.  K.  and 
signature.  I  have  no  doubt  this  was  some  poor  teacher's  honest 
effort  to  meet  the  requirement  of  laboratory  work.  I  have  wished 
I  might  know  that  teacher.  But  many  excellent  notebooks  have 
recently  been  examined,  and  I  am  satisfied  that  we  have  made 
notable  progress  in  this  branch  of  work  in  the  last  five  or  six 
years.  Some  six  or  eight  laboratory  manuals,  from  which  we  can 
select,  are  now  on  the  market.  These  will  serve  as  helps  for  the 
teacher  whose  lack  of  preparation,  experience,  initiative  or  in- 
terest makes  it  imperative  that  he  have  such  aid. 

A  third  indication  that  the  science  is  gaining  standing  in  the 
secondary  schools  is  in  the  fact  that  there  are  more  better-trained 
geography  teachers,  and  fewer  with  no  training,  in  the  schools 
than  there  were  a  few  years  ago.  There  are  proportionately  fewer 
who  are  teaching  the  course  under  protest  than  formerly.  I  be- 
lieve nothing  has  done  more  to  discredit  the  subject  with  school 
men  and  disgust  pupils  than  the  fact  that  it  has  been  necessary  to 
put  the  classes  into  the  hands  of  persons  not  in  the  least  pre- 
pared, either  by  aptitude,  desire,  or  training,  to  teach  the  subject. 
If  latin  or  history  had  been  so  largely  intrusted  to  such  hands  for 
ten  or  fifteen  years  they  would  have  suffered  as  much  as  has  the 
geography. 

Fourth,  and  best  of  all,  more  people  than  ever  before  are  actu- 
ally, earnestly,  trying  to  solve  the  problem  of  an  effective  course 
in  secondary  school  geography.  Various  plans  have  been  tried 
and  discussed,  and  tried  again.  Teachers  meet  together  to  dis- 
cuss their  difficulties  and  report  their  success ;  papers  have  been 
written  by  the  dozen  in  recent  years.  Several  of  these  have  ap- 
peared in  the  Journal  of  Geography,  One  of  the  best  was  by  the 
editor  in  a  recent  number.  Many  who  are  competent  have  been 
organizing  the  material  so  that  one  without  all  desirable  train- 
ing will  know  what  to  use  and  what  not  to  use.  Along  this  line, 
nothing  better  could  fall  into  the  hands  of  the  geography  teacher 
than  the  Journal  of  Geography ^  edited  by  Professor  R.  H.  Whit- 
beck  of  the  University  of  Wisconsin. 
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The  course  has  been  somewhat  of  a  filler,  of  which  the  sec- 
ondary school  has  had  too  many.  I  find  now  a  multitude  who  are 
working  to  give  it  instead  a  specific  place  and  a  unity.  There 
seems  to  be  a  purpose  to  make  it  a  bit  of  scientific  training  in 
reasoning  and  an  informational  course,  along  humanistic  lines. 

Whatever  is  done  in  geogi'aphy  (and  this  applies  to  all  parts 
of  the  course  as  well  as  to  the  laboratory  work)  we  must  do 
something  worth  while.  If  it  has  no  place  in  the  school,  no  one 
who  can  give  it  well  or  at  least  has  interest  enough  to  try  to  give 
it  well,  I  should  question  the  advisability  of  giving  it  at  all.  Leave 
it  out  a  year  until  an  efficient  teacher  can  be  found.  We  should 
no  longer  think  of  giving  the  course  simply  as  a  filler  or  as  a 
general  science  jumble.  In  this  condition  it  is  a  bugbear  to  the 
teacher,  of  no  real  value  to  the  pupil  and  is  not  desired  by  the 
colleges. 

Principles  Underlying  Laboratory  Work. 
Some  fundamental  principles  might  be  stated  to  direct  one  in 
the  selection  of  laboratory  work  or  exercises. 

1.  The  work  should  be  within  the  power  and  interest  of  the 
pupils. 

2.  It  should  elucidate  or  supplement  the  text  or  class  room 
work,  but  deal  with  concrete  things,  while  the  text  and  its  dis- 
cussion should  work  out  the  generalizations  and  principles. 

3.  It  should  develop  the  student's  power  of  observation, 
thought  and  reasoning.  For  example,  it  should  set  proWems  to 
solve,  and  it  should  be  specific. 

4.  It  should  not  aim  specifically  to  develop  technique  or  skill. 

5.  It  should  not  be  too  technically  systematic  but  decidedly 
humanistic.  The  physical  should  be  called  in  not  because  inter- 
esting, but  because  needed  to  explain  humanistic  facts. 

6.  It  should  be  modified  by  local  conditions — teacher,  facili- 
ties, time,  etc.  Hence,  cut  and  dried  rules  are  difficult,  and  uni- 
form exercises  in  a  number  of  schools  out  of  the  question. 

7.  Care  should  be  taken  to  have  all  the  exercises  good.  Usu- 
ally a  notebook  or  a  course  has  some  really  good  practical  geog- 
raphy in  it ;  but,  too  often  a  large  part  of  the  work  is  very  irrele- 
vant. 

Good  and  Bad  Exercises. 
The  ingenious,  well-trained  teacher  will  be  able  to  devise  many 
suitable  exercises ;  those  less  trained  or  less  ingenious,  indeed  all 
for  that  matter,  may  select  from  laboratory  manuals,  exercises 
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which  they  can  use.  No  teacher  should  follow  a  manual  through. 
I  cannot  here  give  in  detail  work  which  should  be  followed  out, 
but  I  should  like  to  call  attention  to  a  few  types  of  good  and  bad 
exercises. 

The  picture  book  mentioned  above  was  bad  for  geography  but 
good  for  manual  training.  If  the  pictures  had  been  grouped  and 
labeled  with  notes  calling  attention  to  the  physical  features  de- 
picted and  setting  forth  the  human  adjustments  to  the  physical 
conditions,  or  the  difficulties  and  obstacles  met  by  culture  as 
shown  in  the  picture,  it  would  have  been  a  profitable  series  of 
exercises.    All  work,  however,  should  not  be  of  the  same  kind. 

Here  is  another  type  that,  so  far  as  I  can  see,  has  no  particular 
profit  in  performance.  It  is  the  third  in  a  series  found  in  a 
laboratory  manual  in  my  library. 

"Old  Volcanic  Mountains.    Volcanic  Necks. 

"Mt  Taylor  Sheet,  N.  Mex. 

"i.  Describe  Cabezon  Peak  as  regards,  (a)  height  above  sur- 
rounding country;  (b)  slope;  (c)  form;  (d)  diameter  at  base. 

"2.  Make  a  profile  along  a  line  from  the  summit,  extending 
eastward  just  over  the  top  of  the  letter  C  to  the  6,000-foot  con- 
tour line,  and  westward  to  the  same  line.  Take  the  elevations  at 
the  ends  of  the  line,  at  the  summit,  and  at  the  6,400-ft.  and  7,000- 
ft.  lines.  Draw  this  line  one-half  inch  from  the  bottom  of  the 
paper. 

"3.  Make  a  written  comparison  of  this  and  the  other  two  pro- 
files and  paste  the  paper  in  your  notebook. 

"4.     See  Figures  8  and  9  in  Physiographic  Types  Folio  2." 

In  this  exercise  there  is  nothing  humanistic,  the  mountain  is 
unknown  and  in  a  region  whose  climate  makes  it  of  but  little 
human  interest.  Morever  this  profile  is  the  twenty-second  one 
called  for  in  the  book  and  we  are  not  beyond  the  thirty-eighth 
page. 

In  another  book  I  find  exercises  covering  these  topics  from  the 
physical  and  chemical  side — ^the  gyroscope,  specific  gravity,  ex- 
pansion by  heat,  humidity,  combustion,  magnetism.  They  have 
their  physiographic  and  humanistic  relations  but  these  were  not 
uncovered  in  the  manual. 

I  find  an  exercise  set  apart  to  study  veins  in  a  piece  of  granite, 
another  for  the  study  of  a  series  of  minerals  as  follows :  Pyrite. 
magnetite,  hematite,  limonite,  cuprite,  chalcopyrite,  malachite, 
azurite,  galenite,  selenite,  halite,  calcite,  asbestos,  and  gold.     I 
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find  on  one  page  excursions  as  follows,  "if  possible  a  mine,  a 
mint,  a  smelter,  a  foundry,  a  shot  tower,  and  a  salt  works." 

Perhaps  it  is  impossible  in  some  localities  to  find  better  work- 
ing materials  for  the  geography  class  than  these,  but  I  believe 
most  teachers  can  find  something  more  serviceable.  This  is  an. 
illustration  of  the  substituting  of  geology  for  physiography  or 
geography;  a  substitution  or  confusion  as  common  in  secondary 
schools  as  in  colleges  and  universities. 

Further  Suggestions. 

I  have  been  indulging  in  a  little  destructive  criticism,  an  easy 
and  sometimes  rather  profitless  thing.  I  want  to  mention  some 
types  of  exercises  which  I  believe  can  be  used  to  good  advan- 
tage.   The  order  is  not  significant. 

Regional  studies,  (o)  Niagara  Falls  and  Vicinity.  Illustrates 
the  scenic  value  of  falls  and  gorges  and  the  economic  importance 
of  falls  as  a  source  of  power ;  shows  the  condition  attending  one 
waterfall,  and  a  long  series  of  adjustments  to  these  conditions. 

(h)  The  home  vicinity  map  can  be  used  to  find  known  places 
and  see  how  they  are  recorded  on  the  map.  Note  the  adjustments 
between  culture  and  contour  and  the  difficulties  that  are  in  the 
way  of  things  humanistic  in  the  vicinity. 

(c)  A  bit  of  coastal  plain  selected  from  New  Jersey,  Georgia, 
or  Maryland  can  be  used  to  illustrate,  not  only  the  plain  but  how 
the  people,  the  roads,  industries,  towns  and  all,  fit  down  upon  the 
plain. 

(d)  A  big  city  like  New  York  as  shown  on  the  topographic 
map  and  the  coast  survey  chart  presents  a  host  of  physical  fea- 
tures nearly  all  of  which  play  directly  into  the  economy  of  the 
city  and  its  interests.    Many  small  places  will  serve  equally  well. 

River  studies,  (a)  One  exercise  might  plot  on  an  outline  map 
the  great  drainage  basins  of  the  continent;  and  then  a  rainfall 
map  of  the  continent  might  be  introduced  and  questions  put  to 
show  why  the  Ohio  River  has  worse  floods  than  the  Missouri 
River?  Why  the  Humboldt  does  not  reach  the  sea,  etc.?  (&)  A 
temperature  map  of  the  continent  could  be  used  with  the  river 
map  to  impress  the  futility  of  trying  to  develop  river  commerce  on 
the  Mackenzie  and  Lena  Rivers.  A  relief  map  of  the  continent 
could  play  into  this  study  to  locate  streams  that  would  be  serv- 
iceable for  power,  for  irrigation,  for  navigation,  etc. 

Under  the  heading.  The  Atmosphere,  quite  a  series  of  observa- 
tions on  temperature,  cloudiness,  precipitation,  and  wind  direction 
should  be  made.    The  weather  map  should  be  studied  and  the 
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observations  correlated  with  the  cyclones  and  anticyclones  in 
order  to  develop  the  principles  of  forecasting;  but  the  study 
should  not  stop  until  the  rainfall  and  temperature  changes  in- 
cident to  the  passage  of  a  cyclone  have  been  made  significant  in 
the  daily  weather,  in  shipping,  crops,  and  harvesting. 

The  topic  Harbors  centralizes  a  lot  of  excellent  geographic 
material.  Study  two  or  three  to  see  the  physiographic  features 
and  the  advantages,  disadvantages,  and  adjustments  presented. 
See  what  improvement  and  care  are  needed  and  try  to  discover 
why.    Let  the  human  relations  call  out  the  physical  elements. 

The  correlation  of  related  elements  which  have  been  separately 
mapped  constitutes  a  most  fruitful  series  of  exercises.  Use  a 
good  physical  atlas  and  a  good  commercial  atlas  (Longman's  will 
serve  for  the  physical  and  Bartholomew's,  Macmillan,  for  the 
commercial). 

Set  over  against  each  other  the  relief  map  and  the  rainfall  map 
of  a  continent  or  country  and  by  judicious  questions  bring  out 
the  relations.  Try  India,  the  United  States,  England,  or  Italy. 
Then  try  to  find  why  it  doesn't  rain  similarly  on  both  sides  of  a 
mountain,  or  snow  an  equal  amount  in  two  places  of  the  same 
latitude.  This  will  call  for  the  wind  map,  then  possibly  the 
temperature  and  pressure  maps.    Discuss  only  typical  places. 

Follow  this  kind  of  work  with  correlations  between  a  rainfall 
map  and  a  map  of  forests  or  a  population  map.  Then  introduce 
the  relief  map  and  try  to  find  which  is  more  significant  in  the 
distribution  of  forests,  rainfall,  or  relief.  Do  the  same  for  dis- 
tribution of  people. 

With  a  map  of  deserts  correlate  one  of  rainfall.  Seek  a  rea- 
son for  the  absence  of  rain  and  lead  to  the  relief  map  and  the 
wind  map  and  the  map  of  land  and  water.  Ask  questions  oa 
specific  regions  until  the  facts  lead  to  the  principles.  Careful 
observation,  accurate  records,  and  logical  deductions  should  be 
made  in  every  exercise.  These  are  three  things  in  which  we  are 
all  of  us,  all  too  short,  yet  they  are  essential  to  any  successful 
career.  Facts  of  the  science  are  here  required  along  with  the 
inculcation  of  right  habits ;  and  the  habits  formed  are  such  as  con- 
stitute the  intellectual  equipment  of  every  successful  business  man. 
housewife,  traveler,  or  mature  scholar.  The  laboratory  work 
not  only  illustrates  the  broad  principles  discussed  in  the  class 
room  but  furnishes  experience  in  expression.  How  well  does  a 
person  know  a  thing  if  he  cannot  tell  it? 

The  materials  necessary  for  such  laboratory  work  as  this  are 
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widely  scattered,  but  in  no  case  prohibitively  so ;  nor  are  they  ex- 
pensive. Topographic  maps  o  I  various  regions  can  be  had  at  five 
cents  apiece  (in  quantities,  three  cents)  of  the  director  of  the 
U.  S.  Geologic  Survey,  Washington,  D.  C.  The  Coast  Survey 
harbor  charts  run  from  twenty-five  to  fifty  cents  and  can  be 
purchased  of  the  U.  S.  Coast  and  Geodetic  Survey,  Washington. 
Weather  maps  can  be  obtained  daily  from  the  nearest  weather 
bureau  station.  Rainfall  maps  and  continental  relief  are  in  the 
physical  atlas ;  population,  crop,  and  timber  maps  are  in  the  com- 
mercial atlas.  Many  good  maps  of  these  data  can  be  found  in  the 
atlas  volume  of  the  census  reports. 

DETERMINATION  OF  POLE  STBENOTH  OT  MAGNETS  AND 
THE  EARTH'S  HORIZONTAL  COMPONENT. 

By  H.  W.  Harmon, 
Grove  City  College. 

In  the  March,  1903,  School  Science  and  Mathematics 
Professor  H.  D.  Stearns  gave  an  extremely  clear  and  simple 
method  of  determining  pole  strengths,  and  the  strength  of  the 
earth's  field.  With  the  apparatus  shown  in  the  cut  we  are  find- 
ing the  method  a  practical  and  surprisingly  accurate  one.  The 
following  is  a  brief  description  of  the  apparatus  and  theory  of 
the  method:  A  magnetized  knitting  needle  Wf  w,  is  placed  in  a 
brass  or  tinfoil  stirrup,  supported  by  the  silk  fiber  F  and  placed  in 
the  N-S  groove,  accurately  balanced  and  centered,  and  the  appa- 
ratus is  then  turned  until  the  N-S  meridian  line  is  parallel  to 
the  needle,  as  it  swings  freely.  If,  now,  the  needle  is  lifted  out 
and  placed  in  the  E-W  groove  with  its  N  pole  pointing  west, 
the  needle  will  be  urged  to  return  to  its  former  position  by 
the  action  of  the  earth's  horizontal  component  (H)  acting  on 
both  of  its  poles  (wi)  with  a  combined  force: 

F=2wi  H No.  1 

To  neutralize  this  tendency  slip  the  looped  end  of  the  silk 
fiber  (WSK)  over  the  N  pole  of  the  magnet  which  projects 
through  the  opening  in  the  center  of  the  protractor  and  slide 
the  rod  (R)  right  or  left  until  the  horizontal  component  (WZ) 
of  the  10  milligram  weight  (M)  holds  the  magnet  in  equilib- 
rium.    This  equals: 


Tan  o  ' 


.No.  2.1 


*M  mnst  be  reduced  to  dynes. 
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where  (a)  is  the  angle  of  the  fiber  below  the  horizontal  and  is 
read  off  in  degrees  or  natural  tangents  from  the  protractor. 
M  is  a  lo  milligram  weight  hung  from  the  middle  point  of  the 
fiber. 


If  now  the  first  needle  (wj,  m^)  be  replaced  by  another  nee- 
dle (mj,  mg)  as  before  in  the  (E-W)  direction,  its  tendency 
to  return  will  be  different  and  equal  to: 

Fi=2w2H ....No.  3 

If  this  tendency  to  return  (N-S)  be  neutralized  by  placing  the 
N  pole  of  the  first  needle  (mj,  m^)  with  its  axis  east  and  west 
at  a  suitable  distance  (d)  to  the  left  of  (W)  and  this  distance 
measured,  we  will  have: 


Fi='-^. 


m\mi 


d^ 


.No.  4 


by  their  equality  in  No.  3  and  No.  4 
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"^p  =2m,H  or 


m2  canceling  out 


2d^ 


.No.  5 


also  by  their  equalitj  in  No.  1  and  No.  2 

2wiH=  J^^  =F  or 
Tan  tt 


H= 


F 


2wi 


No.  6 


Now  by  combining  No.  5  and  No.  6  and  solving  for  mi 

fHi  =  di/¥ No.  7 

H  is  now  computed  by  the  ose  of  either  No.  5  or  No.  6. 

We  are  using  three  different  sizes  of  needles,  large,  medium, 
and  fine;  as  shown  in  cut  they  are  mounted  on  a  cardboard 
holder  to  avoid  mixing  them. 


Mafset 

•tiMS 

ABfte 

lesttrhif 

Force 

F 

PaUr 
Distaacc 

d 

Pale 
Streuth 

m 

Earth's  Horizoiital 
Coapaaeat 

2 

a 

1 

1 

H 

Carraci 
B' 

1 

mi  &  W2 

35** 

.7002 

7.00 

dUM 

7.5  cm. 

19.82 

.1768  diM 

a84 

.0072 

2 

m2  &  mi 

33.5'' 

.6619 

7.41 

(( 

7.6 

20.70 

.1791    " 

Djfaef 

.0049 

3 

ma  &  mi 

48*' 

1.1106 

4.41   •* 

5.85 

12.27 

.1795    *• 

.0045 

4 

m4   &    W3 

51° 

1.2349 

3.%2 

<i 

5.8 

11.53 

.1718   •• 

.0122 

5 

ms  &  We 

66** 

2.2460 

2.262 

(( 

4.0 

6.02 

.1880   •' 

.004 

6 

me  &  ms 

65" 

2.1445 

2.283    *• 

4.05 

6.12 

.1866   *' 

.0026 

7 

mi  &  m3 

35^ 

.7002 

7.00 

(1 

7.7 

20.3 

.1723   ** 

.0147 

8 

ms  &  mi 

48° 

1.1106 

4.41 

«« 

5.9 

12.40 

.1772    •• 

.0068 

9 

m^  &  m^ 

33.5° 

.6619 

7.41 

t( 

7.8 

21.23 

.1747   ** 

.0093 

10 

m^  &  m2 

66° 

2.2460 

2.202 

(f 

3.95 

5.935 

.1882    '* 

.0042 

A 

VERAG 

E  = 

.1798    •* 

.0031 

By  referring  to  the  data  table,  the  pole  strengths  of  these 
vary  from  about  6  to  21  unit  poles.  With  the  three  pairs  of 
needles  a  large  number  of  combinations  for  making  different 
trials  are  possible. 

Examination  of  the  (H)  and  (w)  columns  in  the  data  table 
will  show  the  accuracy  of  the  apparatus;  pole  strengths  being 
determined  to  within  yi  unit  pole  and  earth's  field  to  within 
.01  of  a  dyne  or  about  .01  milligram. 
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The  experiment  gives  us  a  realizing  sense  of  the  value  of  a 
unit  pole,  and  that  the  earths'  field  urging  a  compass  needle 
into  the  (N-S)  direction  is  less  than  one  fifth  of  a  dyne.  From 
this  latter  we  can  infer  that  a  compass  needle  must  be  mounted 
on  a  good  point  else  this  feeble  force  will  not  be  able  to  over- 
come the  friction  on  it. 

This  experiment  is  not  beyond  the  good  high  school  student 
taking  physics,  for  he  has  the  definitions  of  unit  pole  and  unit 
field  and  from  his  knowledge  of  resolution  of  forces  into  com- 
ponents the  diagraming  of  the  triangle  WZS  to  scale  gives  him 
the  component  WZ,  which  is  equal  to  (F)  ;  or  if  they  under- 
stand the  meaning  of  tangent,  the  natural  tangents  can  be  read 
off  directly  from  the  protractor,  or  looked  up. 

The  dimensions  of  the  apparatus  are  given  in  the  cut.  The 
leveling  screws  may  be  omitted.  The  grooves,  cut  2  cms. 
square,  are  for  the  purpose  of  avoiding  air  currents. 


AN  EXPEBIMEKT  IN  OSaANIZINa  A  OOUBSE  IN  GENERAL 

SGIENOE. 

By  E.  D.  Huntington. 

An  investigation  of  what  science  matter,  is  essential  in  the 
first  year  of  the  high  school  was  made  by  the  writer  during 
1910-1911.  Theoretical  investigation  was  paralleled  by  experi- 
mentation with  a  first  year  class  in  a  rural  high  school,  extending 
over  a  period  of  nearly  six  months.  Tlie  results  of  these  inves- 
tigations are  briefly  summarized  below.  In  addition,  a  further 
investigation  was  carried  on  as  a  special  problem  in  connection 
with  a  class  in  the  University  of  Qiicago. 

It  being  generally  conceded  that  there  should  be  some  science 
course  at  this  point,  the  vital  question  becomes  what  science  or 
sciences  should  be  selected.  Botany,  zoology,  physical  geog- 
raphy, physics,  and  of  late  agriculture,  have  all  been  tried,  and 
usually  have  proved  unsatisfactory.  Among  the  reasons  as- 
signed for  their  failures,  the  following  seem  the  most  pertinent: 
The  first  two  are  too  specialized  and  formal,  and  if  presented 
successfully  at  this  point  must  be  largely  handled  in  an  ex- 
tremely elementary  and  superficial  way;  the  third  has  become 
the  specialized  and  technical  physiography,  which  precludes  its 
most  effective  use  in  the  first  year  of  the  high  school;  physics 
as  a  diflferentiated  science  is  too  technical  for  first  year  stu- 
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dents;  agriculture,  if  studied  as  a  science,  requires  a  previous 
knowledge  of  the  elemental  sciences  in  which  the  pupil  is  wholly 
lackmg.  The  pupil's  training  in  science  in  the  grades  has  been 
markedly  informal,  consisting  mostly  of  biological  nature  study, 
if  any  at  all;  he  makes  his  first  formal  acquaintance  with  sci- 
ence at  this  point,  and  for  this  reason  it  seems  advisable  not  to 
confine  his  eiforts  to  some  specialized  branch  of  scientific  in- 
quiry. In  his  first  formal  course  in  science,  the  pupil  needs  to 
acquire  such  scientific  training  and  knowledge  as  will  serve  as 
tools  in  his  further  science  studies,  and  as  will  tend  to  acquaint 
him  with  the  commonplace  things  of  his  daily  environment.  The 
fundamental  facts  and  theories  of  science,  and  not  some  spe- 
cialized branch  of  science,  should  constitute  the  subject  matter. 
The  sciences  that  are  essentially  fundamental  are  physics  and 
chemistry,  since  they  are  employed  as  tools  by  all  the  other 
sciences — an  intelligent  study  of  plant  or  animal  physiology 
(the  point  of  vital  interest  in  botany  or  zoology)  is  absolutely 
dependent  on  a  knowledge  of  the  elements  of  physics  and  chem- 
istry; soil  fertility,  one  of  the  most  universally  recognized  fun- 
damentals of  agriculture,  is  a  function  of  chemical  reaction  and 
physical  change,  etc.  Without  a  considerable  knowledge  of  the 
fundamental  sciences,  the  essentials  of  these  other  sciences  are 
memorized  and  not  comprehended. 

Most  of  the  common  phenomena  of  daily  life  are  physical 
and  chemical;  common  instances  are  electric  appliances,  rail- 
way train,  water  works,  light  and  heat,  combustion,  oxidation, 
respiration,  decay  and  fermentation.  Interest  in  the  biological 
subjects  is  largely  due  to  their  applications  of  chemical  and 
physical  principles;  for  instance  our  interest  in  bacteria  is  al- 
most wholly  due  to  the  chemical  eifects  they  produce.  And  a 
proper  study  of  the  elements  of  physics  and  chemistry  will  nat- 
urally lead  the  pupil's  interest  into  those  general  biological  rela- 
tions in  which  our  vital  interests  lie. 

Physics  and  chemistry  certainly  could  not  be  successfully  pre- 
sented in  their  formal  aspects  in  the  first  year  of  the  high 
school.  The  subject  matter  as  selected,  arranged  and  presented 
in  the  standard  texts  must  be  largely  disregarded ;  the  organiza- 
tion of  the  subject  matter  should  not  be  a  process  of  elimina- 
tion, but  rather  one  of  selection.  Subject  matter  so  chosen 
can  be  conveniently  arranged  as  a  continuous  unity,  each  lesson 
being  an  outgrowth  of  the  preceding.  In  the  arrangement  of 
the  subject  matter  there  needs  be  kept  in  mind  that  what  is  log- 
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ical  to  the  adult  is  not  necessarily  so  to  the  pupil — ^that  the  ar- 
rangement and  presentation  while  guided  by  the  adult  should 
appeal  to  the  pupil's  logic.  The  inductive  presentation  seems 
to  secure  the  best  results,  the  child  discovering  the  facts  and 
theories  under  the  guidance  of  the  instructor,  definitions  and 
laws  being  discovered — ^not  memorized — before  the  class  uses 
them  in  further  work.  The  inductive  method  necessitates  the 
presentation  of  the  new  in  terms  of  the  old;  the  recitation  is 
begun  with  a  discussion  of  the  known,  and  is  so  guided  by  the 
teacher  that  the  discussion  leads  to  the  unknown.  The  pupil 
is  led  to  define  new  situations  rather  than  to  memorize  formal 
statements.  He  himself  discovers  or  is  led  to  discover  the  prob- 
lem, which  gives  him  a  keen  interest  in  the  solution  of  it.  In 
such  presentation,  the  child  perceives  the  relations  between  things, 
and  hence  associates  his  ideas — the  essential  factor  in  memory. 
To  quote  from  Herbart,  "definitions  have  genuine  value  only  for 
him  in  whom  they  have  grown  up." 

Experiments  can  effectively  be  presented  as  demonstrations, 
and  facts  and  theories  developed  from  observations  at  the  time 
the  demonstration  is  made.  The  pupil  is  not  yet  old  enough  to 
be  entrusted  always  with  the  performance  of  the  experiments 
required  in  such  a  course,  but  he  can  acquire  an  acquaintance 
with  apparatus  and  manipulations  by  assisting  the  instructor 
in  the  demonstrations  and  by  especial  exercises.  Furthermore 
in  many  schools  there  is  not  sufficient  laboratory  facilities  for 
individual  experimentation  with  the  large  number  of  experi- 
ments requisite  for  this  course. 

The  course  outlined  below,  which  was  worked  out  in  con- 
junction with  Mr.  E.  P.  Reynolds  of  the  Platteville  (Wis.) 
State  Normal,  presents  such  subject  matter  as  experience  seemed 
to  indicate  could  be  efficiently  adapted  to  the  first  year  of  the 
high  school;  in  its  organization,  the  aim  has  been  to  make  it 
appeal  to  the  child's  logic,  and  at  the  same  time  present  the  log- 
ical fundamentals  of  science. 

Definitions  have  genuine  value  only  for  him  in  whom  they  have  grown 
up. — Herbart 

I.    Atmosphere. 

1.    Air  is  matter. 

a.  Occupies  space. 

Bicycle  tire,  paper  bag,  football,  inverted  tumbler,  etc 

b.  Has  weight. 

Magdeburg  hemispheres, 
c.    Air  in  motion  (wind)  has  energy  (exerts  force). 
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2.    Atmosphere  exerts  pressure — due  to  the  weight  of  air, 

a.  Loading  a  wagon — analogous  to  the  atmosphere. 

b.  Pressure  in  all  directions. 

Analogies,  tumbler  of  water,  can  crushing. 

c.  Pressure  acting  on  a  free  surface. 

Inverted  jar  of  water,  rise  of  water  in  exhausted  tube, 
lemonade  straw. 

d.  Pneumatic  appliances. 

Lift    pump,    siphon,    barometer    and    altitude,    vacuum 
cleaner,  etc 
3.    Expansion  and  diffusibility. 

a.  Demonstration — air  pump ;  short  barometer — ^toy  balloon — 

two  bottles  (under  bell  jar). 
Partial  vacuum. 

b.  Compression  and  expansion. 

Bicycle  pump,  air  compressor,  air  brake,  bellows,  mech- 
anism of  breathing. 

c.  Diffusion. 

Porous  cup,  odors,  etc. 
Molecular  theory. 

d.  Molecular  theory^ompression  and  expansion  and  pres- 

sure changes;  heat  effects  of  same. 

e.  Heating  and  cooling  of  air. 

Expansion  and  contraction,  weight,  molecular  explana- 
tion. 

Hot-air   furnace,    draft   of   fire,   winds — land   and   sea 
breezes,  mechanism  of  ventilation. 
II.    Familiar  Chemical  Reactions. 

1.  Combustion. 

a.  Burning  depends  on  air. 

Drafts  and  damper,  tumbler  inverted  over  lighted  can- 
dle, "smothering"  lire,  mechanism  of  chemical  fire 
extinguishers. 

b.  Air  is  a  mixture  of  O  and  N. 

Phosphorus  burning. 

c.  Kindling  point. 

Lighting  a  match,  kindling  a  fire. 

2.  Oxidation. 

a.  Rust  and  other  oxides  of  metals,  painting,   relation   of 

oxidation  and  combustion,  spontaneous  combustion. 

b.  Oxidation  in  the  tissues,  products. 

c.  Decay  and  fermentation — ^bacteria  and  yeasts. 

3.  Composition  of  wood  and  products  of  combustion. 

a.  Destructive   distillation,  products  of  burning  H  and   C, 

superficial  properties  of  O,  H,  C,  ash  and  CO*. 

b.  Phenomena  of  a  burning  splinter,  smoke,  soot,  etc. 

4.  Oxygen-Carbon  Cycle. 

a.  Decomposition  of  starch  and  sugar. 

b.  Photosynthesis. 

Water  plant  experiment. 

c.  Cycle  in  aquarium,  in  atmosphere. 
HI.    Further  Study  of  Chemical  Reactions. 

1.    Decomposition  of  water. 

a.    Review  of  combustion  and  oxidation,  formulae  of  prod- 
ucts. 
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2.  O,  //,  C  and  CO,, 

a.    Intensive  study  of  properties. 

3.  Acids  and  salts — solution. 

a.  Common  fruit  acids  and  vinegar. 

b.  H.SO.,  HCl,  HNO*. 

Reactions  with  metals,  generation  of  gases,  heat  phe- 
nomena compared  with  combustion,  formation  of 
salts,  equation,  atomic  theory. 

c.  Manufacture  of  H»S04  and  HCl. 

d.  Soil. 

Fertility  and  crops,  fertilizers,  nitrifying  bacteria. 

4.  Bases. 

a.  Lye,  lime,  ammonia — ^neutralization  and  salts   (especially 

NaCl). 

b.  Production,  uses. 

c.  Soap — ^manufacture,  hard  water.         - 

5.  Na,  CL 

Properties   studied   as   illustrative   of   extremely  active  ele- 
ments. 

6.  Generation  of  CO*, 

a.  Baking  powder. 

b.  Fire-extinguishers. 

c.  Limestone. 

7.  Explosions. 

IV.    Aqueous  Phenomena — Heat. 

1.  Evaporation, 

a.  Factors  affecting — ^molecular  theory;  relation  of  humidity 

an4  barometer. 

b.  Cooling  effect  and  refrigeration. 

2.  Condensation. 

a.    Dew,  fog,  clouds,  rain,  etc. 

3.  Expansion  and  contraction. 

a.  Due  to  heat,  hot  water  heating  system. 

b.  Solids. 

4.  Freezing,  melting,  states  of  matter — heat. 

5.  Steam. 

a.    Boiler,  heating  system,  engine. 

6.  Aqueous  cycle. 

a.    Evaporation,  winds,   rainfall,  rivers,  water-power,  trees, 
etc 
V.    Electricity  and  Magnetism. 

1.  Primary  cells. 

a.    Electricity  produced  by  chemical  action. 

2.  Chemical  effects  of  current. 

a.    Electroplating,   storage  battery,   decomposition  of  water 
and  NaCl. 

3.  Heat  effects. 

a.    Electric  lights,  stoves,  fuses. 

4.  Magnetic  effects. 

a.  Electro  magnet,  telegraph,  bell,  fire  alarm,  telephone. 

b.  Motor  and  dynamo. 

c.  Induction  and  transformer. 

5.  Permanent  magnets. 

a.    Compass  and  terrestrial  magnetism,  poles. 

6.  Lightning. 
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VI.    Sound. 

1.  Nature, 

a.    Origin,  transmission,  speed,  echo,  etc. 

2.  Applications, 

a.  Megaphone,  speaking  tube,  telephone,  phonograph. 

b.  Stringed  and  wind  instruments. 

c.  Voice  and  hearing. 

VII.    Light. 

1.  Nature. 

a.    Origin  and  relation  to  heat,  transmission,  speed. 

2.  Applications. 

a.  Mirrors   and   images,   pin-hole   camera,    lenses,   camera, 

stereopticon,  search-light 

b.  Sight 

VIII.    Industrial  and  Hycibnic  Studies. 

1.  Waterworks, 

2.  Sewerage  Systems  and  Public  Health. 

3.  Ventilation. 

4.  Production  of  Coal  Gas. 

5.  Electric  Power  Plants,  Electric  Railways,  etc. 

6.  Meters. 

7.  Problems  in  Preparation  of  Foods. 

8.  Photography  and  Allied  Processes. 

9.  Steam  Railroad  Train. 

In  organizing  the  preceding  outline,  the  subject  matter  has 
been  primarily  grouped  about  a  study  of  the  atmosphere.  The 
yotmg  pupil  is  not  easily  interested  in  matter,  energy  and  space, 
as  such ;  but  he  is  already  interested  in  atmospheric  phenomena, 
from  a  study  of  which  he  gains  concepts  of  matter,  energy, 
space,  and  the  other  essential  points  of  physics.  Burning  and 
oxidation  form  a  connection  to  the  study  of  chemical  reactions, 
which  in  turn  lead  to  a  study  of  electricity,  as  appears  in  the 
outline. 

At  first  glance,  it  seems  a  long  step  from  the  "heating  and 
cooling  of  air"  to  "combustion,"  but  to  the  pupil  there  is  a  close 
connection;  for  he  is  interested  in  the  atmosphere  and  not  in 
physical  and  chemical  classifications.  Likewise,  other  apparent 
gaps  between  topics  in  the  outline  are  not  gaps  to  the  child. 

The  experiments  presented  cannot  be  too  simple  and  con- 
crete. The  method  which  the  writer  found  very  efficient  can 
best  be  expressed  by  stating  the  actual  steps  in  one  of  the  more 
complicated  experiments.  To  answer  questions  on  the  origin 
and  composition  of  acids,  and  to  demonstrate  the  possibilities 
of  the  chemical  reaction,  the  manufacture  of  sulphuric  acid  from 
simple  materials  was  undertaken  in  class.     Sulphur  was  burned 
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producing  sulphur  dioxide  which  the  class  from  its  previous 
work  recognized  as  a  compound  of  sulphur  and  oxygen;  its 
formula  was  stated  by  the  instructor.  The  gas  was  then  bub- 
bled through  distilled  water  until  a  saturated  solution  was  ob- 
tained, which  was  found  to  have  the  characteristic  properties  of 
acids,  although  no  apparent  reaction  with  metals  was  obtained. 
That  it  was  not  sulphuric  acid  was  evident  from  its  odor;  the 
children  completed  the  equation  for  the  reaction  (SO^+HjO 
znHjSO,),  and  were  told  that  the  acid  was  called  sulphurous 
acid.  Air  was  bubbled  through  it  for  a  few  minutes  every  day 
for  ten  days,  by  which  time  its  odor  had  disappeared.  It  was 
now  found  to  react  noticeably  with  zinc,  which  led  the  children 
to  conclude  that  it  had  changed — ^that  it  had  "oxidized."  The 
equation  2H,SO,+02=2H2S04  was  now  developed.  Commer- 
cial sulphuric  acid  was  then  placed  in  two  test  tubes  and  "home- 
made" acid  in  two  others,  each  being  properly  labeled.  Reac- 
tions were  then  obtained  with  copper  and  zinc,  and  the  salts 
formed  by  the  two  acids  with  the  same  metal  were  apparently 
the  same. 

The  experiment  and  its  summary  were  very  significant  to  the 
class.  They  had  started  with  the  familiar  substances,  sulphur, 
air,  water  and  copper,  and  by  combining  them  in  what  was  to 
them  a  simple  way  had  produced  a  new  substance,  copper  sul- 
phate, which  was  very  different  from  any  of  the  substances  used. 
Such  an  experiment  makes  the  chemical  reaction  a  concrete  and 
comprehensible  thing;  this  experiment  suggests  in  detail  the 
manner  in  which  the  other  topics  in  the  outline  were  handled 
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PBAOTIOAL  PHYSICS  IN  PRIVATE  SCHOOLS  FOB  GIRLS. 

By  Elizabeth  Duval  Littell, 

I  have  taught  elementary  biology  for  several  years  in  a  large 
private  school  for  girls  in  one  of  our  large  cities  and  each  year 
the  utter  ignorance  of  the  children  of  the  rich  about  everyday 
phenomena  comes  to  me  with  a  shock.     Girls  of  sixteen — with 
well-developed  taste  in  literature,  able  to  read  the  classics  at 
sight,  with  some  real  grasp  of  history,  intelligent  and  logical  in 
mathematics — are  helpless  before  the  simplest  problem  of  nat- 
ural science,  if  indeed  they  go  so  far  as  to  recognize  its  existence 
and  claim  to  solution.     Pupils  almost  always  say,  when  I  first 
ask  them  about  it,  that  the  drops  of  water  on  the  outside  of  an 
ice  pitcher  have  leaked  through.    They  won't  bring  their  minds 
to  bear  on  tfie  question.    Perhaps  boys  of  the  same  class  in  life 
are  not  so  uninquiring — ihey  have  more  real  experiences  in  their 
lives — but  the  girls*  education  is  terribly  one-sided.     I  am  con- 
vinced that  the  difference  is  due  solely  to  education,  and  not  to 
instinct,  as  commonly  supposed.    The  first  toy  given  to  a  boy  is 
an  engine,  and  from  then  on  he  is  expected  to  take  an  interest 
in  machinery  of  all  sorts  and  to  understand  things.     A  girl's 
first  toy  is  a  doll,  with  no  greater  intricacies  than  blinking  eyes 
or  clothes  that  come  off  and  on.    Later  training  emphasizes  these 
extremes,  developing  the  boy  and  stultifying  the  girl.     In  my 
own  experience  I  have  found  that  when  once  accustomed  to  the 
scientific  point  of  views  girls  are  just  as  responsive  and  interested 
as  boys.    I  recall  a  large  class  of  little  girls  watching  the  making 
of  a  barometer.    The  jar  of  mercury  broke  and  the  delicious  drops 
rained  on  the  table  and  floor.     I  expected  a  stampede,  but  the 
only  result  was  distress  for  the  interruption  and  a  hurried  sweep- 
ing up  of  the  mercury  that  the  delay  might  be  as  short  as  possi- 
ble.   It  seems  only  fair  to  give  girls  capable  of  such  absorption 
a  better  chance.     In  the  experimental  work  connected  with  the 
botany  and  zoology  I  have  found  them  keen,  logical,  and  some- 
times quite  remarkable  in  their  penetration.    Girls  of  rich  parents 
are  especially  at  a  disadvantage  owing  to  the  conditions  of  their 
lives.    If  they  were  less  "well  off"  they  would  of  necessity  gain 
some  practical  elementary  ideas  of   science.     They  would   be 
obliged  to  make  fires,  cook,  wash  clothes,  mend  things  when  out 
of  order.     The  children  of  the  rich  never  go  into  the  kitchen. 
When  something  doesn't  work  they  "send  for  the  man  to  fix  it." 
Inventions  are  simply  for  their  convenience — there  is  no  need 
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that  they  should  be  understood.  They  are  overcivilized.  It  is  not 
their  fault  that  they  have  shut  their  minds  to  these  things.  They 
are  not  at  all  stupid,  they  are  ready  and  willing,  but  they,  more 
than  any  other  class  of  children,  will  not  respond  unless  they  are 
interested. 

School  must  supply  for  these  girls  what  their  home  lives  lack. 
This  can  best  be  done  by  a  course  in  what  might  be  called  ap- 
plied physics.  It  would  deal  with  the  everyday  phenomena  of 
their  life  in  the  city.  It  must  stir  their  curiosity,  give  them  prob- 
lem after  problem  to  solve,  put  common  sense  side  by  side  with 
the  uncommon  sense  they  already  have,  and  develop  power  and 
independence. 

In  the  school  I  speak  of  there  is  at  present  no  course  in  physics. 
The  head  master  has  a  wholesome  dread  of  college  preparatory 
physics.  He  thinks  it  better  to  know  less  about  these  things  than 
to  feel  bored  by  them.  For  this  I  am  deeply  thankful,  for  at 
least  the  ground  is  clear.  For  several  years  I  have  been  begging 
to  be  allowed  to  try  a  course  of  common  sense  physics.  The  very 
name  is  alarming.  All  kinds  of  objections  have  been  offered,  the 
chief  being  that  it  is  too  dull  and  abstruse  and  takes  too  compli- 
cated equipment.  I  have  protested  that  it  need  not  be  dull  or 
unrelated  to  life  and  I  have  positively  declined  to  have  any 
elaborate  apparatus,  trying  to  make  them  understand  that  we 
have  all  the  material  we  want  lying  ready  at  hand,  especially  in 
the  school  building  itself.  Now  I  have  permission  to  disregard 
the  college  entrance  requirements  and  try  it  out  on  these  lines 
next  year. 

Since  I  believe  that  the  laws  of  physics  will  be  more  real 
through  their  applications  than  as  abstractions,  I  shall  choose  the 
following  subjects  for  the  course:  Applications  of  electromag- 
netism,  ventilation,  heating,  lighting,  water  supply,  wireless  teleg- 
raphy. These  subjects  are  not  chosen  at  random.  It  will  be  seen 
that  they  cover  practically  all  the  ground  of  physics  and  that  an 
understanding  of  them  will  make  children  begin  to  feel  intelli- 
gently at  home  in  their  complex  city  surroundings.  In  each  sub- 
ject I  shall  work  always  with  reference  to  the  whole,  taking  up 
details  only  as  means  to  an  end,  explaining  instruments  broadly 
and  incidentally  as  they  are  needed,  not  making  them  ends  in  them- 
selves, and  omitting  measurements  and  mathematics.  There  will 
be  a  great  variety  of  simple  experiments  and  any  number  of  illus- 
trations drawn  from  everyday  experience,  so  that  familiar  things 
will  stand  out  in  their  relation  to  the  subject  in  hand. 
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It  will  be  well  to  begin  the  course  with  electricity  and,  indeed, 
spend  a  large  part  of  the  year  on  it.  It  is  more  interesting  than 
anything  else  and  so  will  give  the  best  grip  on  the  class.  The 
dynamo  will  be  the  first  thing  to  study.  In  its  simplest  form — 
a  coil  of  wire  with  an  iron  core,  a  magnet  and  motion  of  one  part 
with  reference  to  the  other — a  dynamo  presents  no  difficulties. 
From  this  to  the  dynamo  as  the  children  must  see  it  in  a  power- 
house, is  a  step  great  only  in  degree.  The  dynamo  as  motor  is 
mere  matter  of  experience.  The  class  can  find  out  the  various 
uses  of  motors,  especially  investigating  street  cars  and  the  differ- 
ent methods  of  transmission  of  electric  energy.  They  will  learn 
to  install  and  repair  bells,  to  set  up  and  operate  telegraph  and 
telephone  lines.  The  different  kinds  of  batteries  and  their  general 
principles  will  be  discovered  incidentally  through  use.  This  is 
true,  also,  of  those  usually  troublesome  things,  galvanometers, 
voltmeters,  ammeters.  Questions  of  resistance,  the  best  arrange- 
ments of  cells,  etc.,  will  have  to  be  solved  for  practical  reasons, 
and  so  make  permanent  impression.  Members  of  the  class  will 
discover  and  report  on  other  applications  pf  electromagnetism  like 
these  outside  of  the  school  and  a  list  will  be  kept.  They  can 
work  individually  or  in  small  groups  and  so  cover  this  great 
field  more  rapidly. 

The  use  of  the  motors  in  the  school  basement  will  lead  the 
way  to  the  next  subject,  ventilation.  This  is  a  hobby  of  their 
parents  and  is  under  daily  and  ignorant  discussion  at  home.  It 
will  be  satisfactory  to  bring  it  into  the  realm  of  physics,  where 
it  belongs,  and  show  that  it  must  be  approached  from  a  scientific 
standpoint.  The  children  will  discuss,  with  demonstrations,  the 
constituents  of  the  atmosphere,  its  vitiation,  renewal,  the  amount 
of  fresh  air  required  and  possible  methods  of  getting  it.  They 
will  investigate  the  system  in  the  school  building,  make  tests  of 
its  efficacy,  and  compare  it  with  other  systems  known  to  them 
elsewhere.  Incidentally  such  subjects  as  evaporation  and  humid- 
ity, the  different  behavior  of  hot  and  cold  air,  the  use  and  general 
principles  of  thermometers,  thermostats,  anemometers,  and  humid- 
ostats  will  arise  and  can  be  cleared  up  by  simple  experiments. 

Heating  of  buildings  will  come  next,  with  explanatory  experi- 
ments as  to  the  nature  and  source  of  heat,  its  propagation  and 
effects.  There  is  an  unusually  large  opportunity  to  draw  on  per- 
sonal experience  in  these  discussions.  The  class  will  study  the 
school  heating  arrangements  and  then  each  child  will  report  on 
the  way  her  own  house  is  heated,  the  various  systems  to  be  as- 
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sorted  into  groups  in  class  and  comparisons  made  with  regard 
to  efficiency  and  cost.  If  there  is  time  enough  some  fascinating 
work  can  be  done  with  thermos  bottles,  fireless  cookers,  and  ap- 
plications of  electric  heating. 

Then  will  come  a  demand  to  know  about  house  and  street 
lighting,  from  candle  to  arc  lamp.  They  should  be  able  to  know 
what  is  wrong  if  the  lights  are  poor  and  in  all  simple  cases  be 
able  to  set  it  right.  They  should  understand  how  meters  work, 
the  relative  advantages  of  the  different  kinds  of  lighting,  and  they 
will  end  this  part  of  the  work  by  putting  into  the  schoolroom  a 
miniature  system  of  electric  lights. 

Last  summer's  alarm  about  the  water  supply  made  people  who 
had  hitherto  thought  of  city  water  as  an  unfailing  gift  from 
heaven  realize  that  it  was  their  responsibility  to  prevent  waste. 
These  girls  who  are  to  be  housekeepers  can  be  made  now  to 
understand  their  obligations  to  the  public.  The  simple  mechanisms 
that  control  the  water  in  each  house  are  easily  understood.  Why 
should  a  plumber  be  sent  for  to  shut  off  the  water  or  when  a 
faucet  needs  a  new  washer? 

In  the  spring  I  want  to  have  a  wireless  telegraphy  outfit  on 
the  roof,  set  up  and  worked  by  the  children. 

It  is  with  some  trepidation  that  I  say  that  this  course  is  a 
one  year  course.  Each  heading  offers  material  enough  for  a 
year,  but  it  can  be  taught  in  the  time  assigned  by  the  relentless 
elimination  of  unimportant  details,  by  considering  each  thing 
from  the  standpoint  of  what  it  does.  It  is  customary,  for  in- 
stance, in  physics  courses  to  spend  weeks  on  thermometry,  the 
dull  and  useless  detection  and  correction  of  error.  In  this  course 
an  intelligent  understanding  of  the  working  of  a  thermometer  is 
all  that  is  wanted  and  it  can  be  got  in  ten  minutes  by  simply  us- 
ing a  thermometer  with  some  incidental  talk  about  the  principles 
of  it.    I  want  to  cultivate  activity  not  accuracy. 

It  will  be  noticed  that  I  have  made  no  place,  in  the  course, 
for  mechanics  as  such.  My  reason  is  that  it  will  make  its  own 
place  to  a  large  extent  incidentally,  and  that  only  in  so  far  as  the 
principles  of  mechanics  are  discovered  at  the  time  of  need  are 
they  the  permanent  property  of  the  mind. 

Much  can  be  done  to  humanize  the  subject  all  the  way  along. 
The  stories  of  physicists  and  their  discoveries  are  often  thrilling 
and  too  little  is  heard  about  them. 

A  brief  outline  of  the  discoveries  in  radioactivity  would  fittingly 
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close  the  year's  work  with  some  discussions  of  the  theories  about 
electric  energy. 

In  conclusion,  I  want  to  say  a  word  about  the  teacher's  equip- 
ment for  such  a  course.  I  cannot  help  feeling  with  all  humility 
that  perhaps  the  teacher  untrained  in  the  technicalities  of  physics, 
but  with  a  vast  interest  in  the  workings  of  things,  is  best  equipped 
for  this  kind  of  work.  She  is  not  hampered  by  tradition,  she 
sees  the  pupils'  difficulties  from  their  own  level,  not  from  a 
height,  and  she  wants  what  they  unconsciously  want — a  common 
sense  explanation  of  everyday  phenomena. 


SOME  BOOK  ANALYSES. 

By  Nicholas  Knight, 
Cornell  College, 

1.  A  specimen  from  Kenilworth  Castle. 

The  castle  has  long  been  in  ruins,  but  it  is  among  the  most  in- 
teresting spots  in  all  England.  Scott  has  immortalized  the  place 
in  his  famous  novel,  the  scene  of  which  is  laid  during  the  reign 
of  Queen  Elizabeth,  when  the  castle  was  owned  by  Lord  Dudley, 
the  Earl  of  Leicester.  The  Earl  entertained  the  Queen  two  weeks 
at  an  expense  of  five  thousand  dollars  a  day,  which  was  an  almost 
fabulous  sum  in  that  period.  The  rock  is  a  beautiful  and  durable 
red  sandstone,  and  a  private  communication  from  Sir  Archibald 
Geike  conveys  the  information  that  it  belongs  to  the  new  red  sand- 
stone.   The  analysis  was  made  by  John  W.  Liddle  as  follows : 

SiOa  86.95% 

FejOs 3 .  45  % 

A1,0,  6.31% 

CaO 2.16% 

MgO 0.88% 

Total 99.75% 

The  iron  oxide  is  the  cause  of  the  red  color.  The  iron,  alumina, 
calcium,  and  magnesia  doubtless  serve  to  cement  the  particles  of 
sand  into  a  hard,  durable  rock. 

2.  Soil  from  the  yard  of  Westminster  Abbey. 

So  many  people  surged  aroundthe  sacred  edifice  in  connection 
with  the  coronation  ceremonies  of  1911  that  the  grass  on  the 
lawn  was  trodden  down  and  killed.  On  August  8  of  that  year 
men  were  spading  up  the  ground  preparatory  to  reseeding.    A 
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specimen  of  the  earth  was  taken  for  the  analysis  which  was  made 
by  Irwin  P.  West.  It  probably  contains  no  "sacred  dust/'  as  this 
is  carefully  preserved  on  the  inside  of  the  great  cathedral,  and 
there  is  more  of  it  than  in  any  similar  enclosure  on  earth.  The 
analysis  was  as  follows: 

SiOi 71.71% 

Fe,0, 7.40% 

A1,0, 7.60% 

CaO 2.40% 

MgO 1.79% 

COi 2.46% 

K,0 0.41% 

N«,0 1.85% 

TiO, 0.21% 

PfOs a56% 

HiO 1.03% 

N 0.60% 

Total 100.55% 

3.  Sandstone  from  Lucerne. 

One  of  the  most  imposing  monuments  in  Europe  is  the  one  to 
the  Swiss  soldiers  who  fell  in  defense  of  King  Louis  XVI  of 
France.  It  is  the  work  of  the  great  Danish  sculptor,  Thorwald- 
sen.  The  monument  is  a  huge  lion,  twenty-eight  feet  in  length, 
carved  in  the  sandstone  rock,  which  is  light  g^y  in  color.  The 
analysis  was  made  by  W.  B.  Armstrong,  as  follows: 

SiOj 56. 72  % 

Fe,Os 2.29% 

A1,0«  14.34% 

CaO 13.83% 

MgO 2.97% 

COi 10.15% 

Total 100.30% 

As  will  be  noticed,  the  rock  contains  a  considerable  admixture 
of  limestone. 

4.  The  Rock  of  Gibraltar. 

This  world  renowned  rock  rises  above  the  sea  to  the  height 
of  1,300-1,400  feet.  It  is  limestone  and  there  are  two  distinct 
varieties !  A  stalactitic  formation,  which  in  many  places  forms  a 
crust  on  the  outside  of  the  ordinary  limestone,  which  is  the  main 
portion  of  the  rock. 

a.    The  stalactitic  formation.     Analyzed  by  W.  E.  Morling. 
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It  must  have  been  dissolved  in  water  containing  CO2,  and  again 
deposited  from  the  solution: 

CaCOa 96. 12  % 

MgCOi : 2.75% 

SiOa 0.20% 

AUOs  0.64% 

Fe,Os 0.00  . 

Total 99.71% 

The  rock  is  hard  and  compact,  fine-grained  .in  texture,  and 
made  into  various  souvenirs  to  sell  to  tourists.  It  is  rather  an 
unusually  pure  limestone. 

fe.    The  ordinary  limestone  analyzed  by  Forest  Edwards : 

CaCOa 83.87% 

MgCOa 8. 14  % 

AlaOa  4.07% 

FeaOa 2.81  % 

SiOa 0. 39  % 

Total 99.28% 

5.    Rock  from  the  Simplon  Tunnel. 

This  is  in  general  a  fine  specimen  of  granite.  It  is  used  for 
building  purposes  and  also  a  road  material.  Some  of  the  largest 
granite  columns  in  the  world  came  out  of  the  tunnel  and  are  used 
to  support  the  great  arches  in  "St.  Paul's  Outside  the  Walls,"  one 
of  the  four  jubilee  churches  of  Rome.  The  analysis  was  made  by 
E.  W.  Tallman  and  resulted  as  follows : 

SiOa 70.69% 

TiOa 0. 52  % 

PaOe 2.07% 

MoSa    0.17% 

AlaOa  15.13% 

PeaOa 2.21% 

CaO 1.25% 

MgO 0.45% 

KaO 2.26% 

NaaO - 2.46  % 

CO2 2.50 % 

Total 99.68% 


Digitized  by  LjOOQIC 


680  SCHOOL  SCIENCE  AND  MATHEMATICS 

GEMS  THAT  RESEMBLE  THE  DIAMOND.' 

By  F.  B.  Wade. 
Shortridge  High  School,  Indianapolis. 

In  spite  of  many  seductive  advertisements  there  is  no  gem 
that  "looks  just  like  a  diamond."  Nor  should  we  expect  to  find 
one,  for,  while  two  different  substances  may  have  a  number  of 
properties  in  common  yet  a  study  of  all  the  properties  of  each 
will  show  many  which  differ.  Still  there  are  a  number  of  gems 
which  possess  to  a  considerable  degree  some  of  the  properties  of 
the  diamond  and  when  well  cut  these  gems  can  deceive  and  fre- 
quently have  deceived  those  not  expert  in  the  determination  of 
precious  stones. 

In  times  past  such  gems  have  even  passed  current  as  diamonds 
before  the  scrutiny  of  experts,  for  until  the  general  spread  of 
science,  such  tests  as  those  of  specific  gravity,  refraction,  etc., 
were  not  applied,  and  many  colorless  zircons,  topazes,  and  sap- 
phires probably  passed  as  rather  inferior  diamonds.  It  is  even 
claimed  that  the  Braganza,  a  mammoth  uncut  gem  among  the 
Portuguese  crown  jewels,  is  merely  a  fine  specimen  of  colorless 
Brazilian  topaz,  yet  it  has  been  listed  for  years  among  the  world's 
greatest  diamonds. 

Among  the  gems  which  may  be  regarded  as  so  closely  re- 
sembling diamond  as  to  be  likely  to  deceive  the  inexpert,  I  will 
list  and  briefly  discuss  the  following: 

First,  the  colorless  or  pale  zircon,  sometimes  called  in  the  trade, 
the  jar  goon : 

Second,  the  colorless  sapphire ; 

Third,  the  colorless  true  topaz ; 

Fourth,  the  colorless  beryl ; 

Fifth,  colorless  phenacite; 

Sixth,  colorless  quartz. 

These  and  a  few  other  and  rarer  colorless  gems  constitute 
the  list  of  gems  that  resemble  the  diamond.  I  may  say  at  this 
point  that  none  of  them  resembles  the  diamond  to  the  casual 
glance  so  closely  as  does  the  very  brilliant  lead  glass  used  in 
making  the  so-called  "paste"  or  "strass"  imitations  so  widely 
advertised  and  sold  under  various  fictitious  titles  in  many  cities. 
This  artificial  material  possesses  a  very  high  refractive  index  and 
is  capable  of  separating  the  various  colors  of  the  spectrum  so 

^Reprinted  from  the  Journal  of  Industrial  and  Engineering  Chemistry  Vol.  4, 
No.  7.     July,   1011. 
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widely  that  it  affords  a  brilliancy  and  "play"  of  colors  that  noth- 
ing but  the  diamond  can  equal.  It  is,  however,  deficient  in 
hardness,  being  easily  attacked  by  a  file  and  consequently  it  does 
not  long  resist  dulling  and  scratching  from  wear  and  hence 
does  not  hold  its  brilliancy.  It  is  also  easily  attacked  chemically 
by  a  number  of  things,  with  which  it  is  likely  to  come  in  contact 
in  wear  and  thus  be  still  further  dulled.  In  many  of  the  imitation 
diamonds  the  tendency  to  scratch  is  partially  prevented  by  using 
a  thin  slice  of  some  hard  gem  material  for  the  upper  surface, 
making  in  other  words  a  so-called  "diamond  doublet."  This 
artificial  gem  has  no  real  diamond  about  it,  of  course,  although 
formerly  a  few  real  diamond  doublets  were  made  in  which  the 
upper  half  of  the  stone  was  made  of  real  diamond  and  lower 
half  of  some  less  costly  white  gem,  the  two  being  joined  at  the 
girdle  by  means  of  gum  mastic  or  other  transparent  cement.  The 
modern  diamond  doublet  usually  has  an  upper  surface  made  of 
a  very  thin  slice  of  garnet,  covering  usually  only  the  table,  as  the 
part  subject  to  greatest  wear.  The  garnet  used  is  pale  in  color 
and  so  thin  is  the  slice  that  hardly  any  color  is  visible.  The  re- 
mainder of  the  "stone"  is  entirely  of  lead  glass.  Some  of  these 
"works  of  art"  are  certainly  very  beautiful  and  at  a  reasonable 
distance  they  would  probably  puzzle  an  expert. 

While  none  of  the  genuine  gems  I  have  listed  quite  approaches 
the  "paste  diamond"  in  play  of  colors,  many  of  them  are  nearly 
as  brilliant  in  the  lively  play  of  white  light  which  they  afford 
when  cut  in  a  manner  suited  to  such  material,  which  cutting,  by 
the  way,  should  not  be  just  like  that  most  suited  to  the  diamond. 

In  regard  to  the  order  of  precedence  among  them,  I  should 
put  the  colorless  zircon  first.  This  gem  possesses  adamantine 
luster  in  a  high  degree,  that  is,  the  amount  of  light  reflected  from 
its  top  surfaces,  when  properly  inclined  to  the  light  approaches 
closely  to  the  amount  reflected  by  a  genuine  diamond  surface. 
This  effect  must  not  be  confused  with  the  brilliancy  of  the  flashes 
of  light  reflected  from  the  interior  rear  surfaces  of  the  stone. 
That  is  another  matter.  This  adamantine  luster  gives  what  the 
French  call  eclat  to  the  zircon.  It  is  snappy,  cold,  and  glittering 
in  its  luster.  So  closely  does  it  resemble  diamond  in  this  respect 
that  I  was  able  to  deceive  a  diamond  cutter  in  one  of  the  best 
establishments  in  this  country  by  a  brown  zircon  which  I  wore 
in  my  scarf  this  summer.  He  referred  to  it  as  my  "brown  dia- 
mond," although  he  was  not  above  four  feet  away  and  looking 
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squarely  at  it.  Of  course  in  a  stone  of  positive  color,  no  large 
amount  of  prismatic  ''play"  is  possible  or  expected,  and  so  the 
lack  of  it  in  my  brown  zircon  was  not  felt  The  cutter  would 
doubtless  have  detected  the  difference  in  a  colorless  zircon  but 
one  not  so  expert  might  not. 

Of  course,  in  hardness,  in  specific  gravity,  and  in  refraction, 
the  zircon  is  not  like  the  diamond.  It  is  much  softer,  being  only 
7.5  as  against  10  in  hardness  by  Moh's  scale ;  its  specific  gravity 
is  4.4 — ^4.7,  as  against  3.5 — ^3.6  for  diamond;  and  it  is  doubly 
refracting  while  diamond  is  singly  refracting.  It  could  thus 
be  readily  distinguished  by  anyone  who  understood  the  applica- 
tion of  the  tests  for  the  above  properties. 

After  the  zircon  in  order  of  excellency  I  would  place  the  white 
sapphire.  Its  index  of  refraction  is  higher  than  that  of  any  of 
the  other  gems  in  my  list  except  the  zircon,  and  its  great  hardness 
renders  it  capable  of  taking  and  holding  a  polish  almost  equal  to 
that  of  the  diamond.  It  does  not  possess  the  adamantine  luster, 
however.  Its  luster  is  probably  best  defined  as  splendent.  It 
exceeds  the  luster  of  glass  and  of  the  other  gems  in  my  list 
which  have  what  is  usually  styled  the  vitreous  luster.  Both  the 
zircon  and  sapphire  when  well  cut  and  pure  white  show  a  faint 
"play"  of  colors  and  both  give  fine  brilliancy  in  their  reflections 
of  white  light.  I  have  fooled  many  retail  jewelers  with  a  fine 
specimen  of  white  sapphire  which  I  have  set  in  a  ring.  As  in  the 
case  of  zircon,  so  with  the  sapphire,  a  test  of  its  hardness,  specific 
gravity,  and  refraction  will  at  once  serve  to  distinguish  it  clearly 
from  diamond.  Its  hardness  is  9,  its  specific  gravity  3.9 — ^4.1, 
and  it  is  doubly  refracting. 

Next  to  the  zircon  and  sapphire  I  would  place  the  white  topaz. 
It  gives  a  faint  play  of  color,  is  hard  enough  to  resist  wear  for 
years  and  takes  an  extremely  high  polish.  Many  so-called  "white 
topazes"  advertised  by  unscrupulous  dealers  are  only  lead  glass, 
and  many  more  are  cut  from  the  softer  and  cheaper  rock  crys- 
tal. I  had  one  of  the  latter  sent  me  recently  under  a  guarantee 
that  it  was  a  genuine  white  topaz.  It  was  a  finely  cut  and  very 
brilliant  gem  but  it  was  not  real  topaz.  I  sent  it  back  after  a 
specific  gravity  test,  which  I  recorded  on  the  inside  of  the  paper 
in  which  the  gem  was  wrapped,  saying  that  I  was  sorry  but  I 
couldn't  use  "that  kind." 

I  have  already  referred  to  the  Portuguese  "Braganza"  as  prob- 
ably a  white  topaz.    The  fact  that  the  specific  gravity  of  topaz  is 
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very  nearly  that  of  diamond  makes  it  a  still  more  dangerous 
imitator,  but  its  hardness  of  8  and  its  double  refraction  serve  to 
distinguish  it. 

The  other  colorless  gems  in  my  list,  phenacite,  beryl,  and  rock 
crystal  very  closely  resemble  each  other  and  all  give  brilliant 
stones  when  properly  cut.  The  phenacite  and  beryl  are  but 
slightly  softer  than  topaz  and  would  wear  well.  The  rock  crys-. 
tal  is  the  softest  in  my  list,  and  while  it  will  hold  its  brilliancy 
for  some  time  it  would  dull  in  the  course  of  a  few  years  or 
even  months  if  subjected  to  hard  wear  as  a  ring  stone. 

Aside  from  the  peculiar  interest  which  attaches  to  these  color- 
less stones  from  the  fact  that  they  may  be  and  doubtless  many, 
times  in  the  past  have  been  substituted  for  diamond  either  ig- 
norantly  or  with  purpose  to  deceive,  there  is,  I  believe,  a  worthy 
interest  in  them  for  what  they  really  are  and  for  the  real  beauty 
which  they  undoubtedly  possess. 

When  men  shall  have  learned  to  practice  honesty  as  the  best 
policy,  it  is  to  be  hoped  that  these  gems,  which  do  truly  some-, 
what  resemble  the  diamond,  but  which  resemble  each  other  more, 
may  come  into  their  own  and  be  appreciated  and  valued  for  their 
own  beautiful  qualities. 

AN  EXPEEIMENT  IN  THE  TEAOHINa  OF  PHYSIOS. 

By  H.  C.  Krenerick, 
North  Division  High  School,  Milwaukee,  Wis, 

The  general  tone  or  expression  of  physics  teachers'  meeting^ 
throughout  the  country  for  the  past  few  years  has  been  such  as 
would  give  to  an  outsider  the  impression  that  the  teaching  of 
physics  in  high  school  is  a  failure.  Although  not  at  all  in  sym- 
pathy with  this  wholesale  criticism  yet  I  am  not  so  optimistic  that 
there  is  no  room  for  improvement. 

The  experiment  of  segregation  has  undoubtedly  many  argu- 
ments in  its  favor,  but  whether  or  not  it  is  doing  the  greatest 
good  for  the  greatest  number  is  the  question.  From  my  experi- 
ence with  girls  and  boys  I  cannot  feel  that  it  is  the  best  solution.* 
About  one  third  of  my  classes  are  girls.  Last  semester  the  av- 
erage of  the  girl's  standing  was  five  points  above  that  of  the  boys 
and  it  was  not  entirely  the  result  of  better  effort  and  memory. 
The  best  fifty  per  cent  of  the  girls  are  equal  in  every  way  to  the 
best  fifty  per  cent  of  the  boys.  Many  girls  are  ^ood  in  mathe- 
matics, they  are  interested  in  the  quantitative  and  technical  por-; 
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tions  of  physics.  Many  boys  are  not.  To  deprive  such  girls 
of  that  phase  of  physics  is  an  injustice. 

The  most  marked  and  distinctive  basis  of  classification  of  our 
physics  pupils  is  not  according  to  sex  but  according  to  mental 
aptitudes.  The  best  high  school  pupils  can  be  divided  largely 
into  two  classes:  those  whose  method  of  study  involves  logic, 
reason,  understanding;  and  those  who  depend  principally  upon 
a  retentive  memory.  The  present  method  of  adapting  the  sub- 
ject-matter of  physics  to  the  so-called  average  student  is  an  in- 
justice to  both  of  these  classes. 

To  that  class  of  students  who  are  not  scientifically  or  mathe- 
matically inclined,  the  returns  from  the  technical  and  quantita- 
tive portions  of  the  subject  are  not  commensurate  with  the  time 
and  effort.  They  are  nevertheless  just  as  interested  in  and  capa- 
ble of  comprehending  the  general  information  of  the  subject,  but 
the  lack  of  perfect  understanding  tends  toward  discouragement 
and  dissatisfaction.  With  the  other  class  the  injustice  is  even 
greater.  They  are  held  back,  their  time  to  some  degree  wasted. 
The  inability  and  constant  drill  of  the  others  tends  to  encourage 
laziness  rather  than  bring  out  their  best  efforts  and  possibilities. 

If  such  an  analysis  of  the  situation  is  correct  the  solution  of 
the  difficulties  can  be  obtained  by  dividing  the  subject-matter 
and  presenting  as  two  different  courses  which  I  shall  call,  for  lack 
of  better  terms,  elementary  and  advance.  An  experiment  which 
I  have  wished  to  try  for  several  years  but  was  not  able  before 
to  obtain  permission.  The  first  semester  of  next  year  we  will 
offer  the  elementary  course  which  will  present  in  a  qualitative 
way  the  more  essential  and  practical  principles  of  physics  with 
special  emphasis  on  applications.  The  laboratory  exercises  will 
be  of  the  nature  of  diagrams  and  explanations  of  home,  school, 
and  city  appliances  rather  than  the  verification  of  laws  and  prin- 
ciples. The  second  semester  will  be  the  advance  course  which 
will  cover  the  more  difficult,  quantitative,  and  technical  portions 
of  the  subject.  Class  room  discussion  to  correlate  with  the  lab- 
oratory work,  which  will  cover  about  forty  of  the  usual  type 
largely  quantitative  experiments. 

Credit  toward  graduation  will  be  given  for  the  elementary 
course  whether  or  not  the  advance  course  is  taken.  (Students 
expecting  to  receive  credit  for  physics  in  college  or  university 
will  need  to  elect  both  courses.)  Such  a  division  of  the  subject- 
matter  with  the.  privilege  of  electing  one  or  both  courses  will 
largely  eliminate  the  injustices  mentioned  above.    The  elementary 
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course  will  be  interesting,  comprehensive,  and  instructive  to  all, 
while  the  advance  course  with  the  backward  students  eliminated, 
will  be  presented  in  a  more  strenuous  and  intensive  manner  with 
far  greater  results  to  pupils.  Students  are  better  able  to  com- 
prehend the  difficult  parts  after  a  survey  of  the  elements  of  the 
subject.  vSome  students  will  have  had  a  semester  more  of  mathe- 
matics thus  better  prepared  for  the  quantitative  parts  of  physics. 

The  nature  of  the  laboratory  work  in  connection  with  the  ele- 
mentary course  is  a  decided  change  from  the  ordinary.  The  fol- 
lowing is  a  list,  with  a  word  or  two  in  explanation,  of  the  experi- 
ments or  exercises  which  are  to  be  performed  at  home  or  outside 
of  the  regular  class  period : 

BAROMETER. — Barometric  curve.  Relation  of  curve  to  the 
weather  changes. 

RELATIVE  HUMIDITY.— Determined  in  school.  In  home, 
living  room  and  kitchen.    In  open  air. 

SCHOOL  VENTILATION.— Determine  volume  of  fresh  air 
per  pupil  per  hour.  Also  space  per  pupil.  Compare  with  state 
requirements. 

HOME  VENTILATION.— Determine  volume  of  fresh  air 
per  person  per  hour  in  living  room.  (A  gas  or  oil  light  equal  to 
two  persons.) 

PUMPS. — Cross-section  diagram  with  explanation  of  valve 
action. 

HYDRAULIC  RAM. — Diagram  of  model  with  explanation  of 
action. 

HOME  PLUMBING  SYSTEM.— Diagram  showing  connec- 
tion of  all  hot  and  cold  water  pipes  in  home. 

GAS  METER. — Diagram  and  reading  each  week  for  month. 
Cost  of  gas  per  week  per  person. 

COOK  STOVE. — Cross-section  diagram.  Purpose  and 
manipulation  of  dampers. 

HOME  HEATING  SYSTEM.— Diagram  and  explanation. 
Control  and  action  of  dampers.    Proper  manipulation  of  furnace. 

HOT  WATER  TANK.— Diagram  and  explanation. 

SCHOOL  HEATING  SYSTEM.— Diagrams  and  explanation 
of  furnace,  boiler,  and  radiators  for  one  room  for  each  floor. 

SCHOOL  VENTILATING  SYSTEM.— Diagram  with  full 
explanation. 

EFFICIENCY  OF  GAS  STOVE.— Compare  B.  T.  units  ob- 
tained in  kettle  to  the  units  in  gas  consumed.  Compare  kettles 
of  different  material.    Compare  different  burners. 
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CITY  WATER  SYSTEM.— Suitable  diagrams  with  explana- 
tion. 

SCHOOL  THERMOSTAT.— Diagrams  and  explanation 
for  control  of  one  room. 

DOOR  BELLS. — ^Diagram  of  wiring,  front  and  rear  door  con- 
nections.   Explanation  of  bell. 

TELEGRAPH. — ^Diagram  and  explanation  of  system  in  labora- 
tory. 

EFFICIENCY  OF  ELECTRIC  HEATER.— Compare  B.  T. 
units  obtained  in  vessel  with  the  units  consumed.  (1055  watts 
=  I  B.  T.  U.  per  second.)  Compare  in  efficiency  and  economy 
with  gas  burner. 

COST  OF  HOME  LIGHTS.— From  candle  power  and  meter 
determine  cost  per  candle  power  per  hour.  Repeat  with  gas  light. 
Compare. 

Several  of  the  above  exercises  have  been  assigned  and  per- 
fformed  by  the  students  during  the  present  year.  The  unusual  in- 
terest aroused  not  only  in  students  but  in  parents  as  well  in  such 
investigations  has  been  exceedingly  gratifying.  The  ignorance 
'displayed  by  some  of  the  best  students  of  the  working  principles 
of  some  of  the  most  common  home  appliances  is  convincing  that 
«it  is  a  much-needed  phase  of  physics  instruction.  With  such  a 
•course  the  assignments  can  be  varied  to  suit  the  need  and  abil- 
ity of  the  individual  student;  an  adaptation  highly  desired  but 
almost  impossible  in  the  large  schools  under  present  methods. 
One  of  the  most  serious  defects  in  our  present  laboratory  treat- 
ment of  physics  is  our  inability  to  have  the  laboratory  exercise 
correlate  with  the  class  room  discussion.  Unless  there  is  that  per- 
fect correlation  the  laboratory  day  is  bound  to  be  a  break  or  diver- 
•sion  in  the  class  room  treatment  of  the  subject-matter.  The  ex- 
periments or  problems  as  planned  above  will  cause  no  interruption 
in  the  elementary  course.  While  in  the  advance,  which  is  more  of 
the  nature  of  a  laboratory  course,  the  class  room  discussion  will 
be  adjusted  to  the  experiments  of  the  laboratory.  Here  the  ex- 
periment will  precede  the  recitation ;  an  ideal  order,  which  is  im- 
practical in  many  instances  under  present  methods.  With  the 
general  information  gained  in  the  elementary  course  the  student 
is  now  able  to  proceed  with  more  independence  in  his  laboratory 
work. 

One  of  the  criticisms  of  such  a  division  of  the  subject  will  be 
that  the  treatment  will  need  to  be  too  superficial  if  the  entire 
subject  is  to  be  covered  in  one  semester.     Bv  eliminating  some 
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of  the  quantitative  parts  which  receive  an  undue  portion  of  time 
and  drill  and  remembering  that  the  laboratory  work  takes  about 
one  third  of  the  time  devoted  to  the  subject  we  will  find  that  there 
is  ample  time  in  one  semester  for  the  subject-matter  remaining 
to  receive  just  as  intensive  consideration  as  at  present.  Further- 
more, high  school  physics  is  not  a  complete  treatise  of  the  sub- 
ject and  no  two  persons  are  agreed  as  to  just  what  should  be 
eliminated.  If  we  were  to  take  only  that  subject-matter  which 
we  find  common  to  the  recent  high  school  text-books,  one  semester 
uninterrupted  by  laboratory  days,  would  be  sufficient  time  for  its 
consideration. 

About  seventy-five  per  cent  of  all  of  our  students  graduating 
have  had  physics.  This  we  believe  is  a  good  showing  for  a 
subject  that  is  required  in  only  one  course.  By  the  method  of 
division  we  believe  that  this  percentage  will  be  increased.  Many 
students  who  do  not  now  elect  physics  because  of  its  reputation 
of  being  mathematical  and  difficult  will  be  attracted  to  this  one 
semester  popular  treatment  of  the  subject.  Once  interested  more 
will  elect  the  second  course.  No  other  science  or  subject  of  the 
high  school  offers  subject-matter  so  closely  related  to  everyday 
life  and  affairs,  consequently  the  essentials,  at  least,  of  the  sub- 
ject should  be  presented  in  such  a  manner  that  the  course  could 
be  unhesitatingly  recommended  and  urged,  if  not  required,  of 
eve\\*  boy  and  girl  before  graduating  from  high  school. 


PORTLAND  OEBfENT  IN  THE  PSILIPPINES. 

At  the  present  time  there  is  no  Portland  cement  manufactured  in  the 
Philippines.  Consequently  concrete  work  is  expensive.  It  is  understood, 
however,  that  if  the  raw  materials,  fuel,  etc.,  can  be  secured  in  locations 
favorable  for  transportation,  that  two  or  three  mills  will  soon  be  erected. 


BY-PRODUCTS  OP  GOAL. 

From  one  ton  of  ordinary  gas  coal  may  be  produced  1,500  lbs.  of  coke, 
20  gallons  of  ammonia  water  and  140  lbs.  of  coal  tar.  By  distillation  the 
coal  tar  will  yield  69.6  lbs.  of  pitch,  17  lbs.  of  creosote,  14  lbs.  of  heavy 
oils,  9.5  lbs.  of  naphtha  yellow,  6.3  lbs.  of  naphthaline,  4.75  lbs.  napthol, 
2.25  lbs.  alazarin,  2.4  lbs.  solvent  naphtha,  1.5  lbs.  phenol,  1.2  lbs.  aurine, 
1.1  lbs.  benzine,  1.1  lbs.  aniline.  0.77  lb.  toludine.  0.46  lb.  of  anthracite 
and  0.9  lb.  of  toluene.  From  the  latter  is  obtained  the  substance  known 
as  saccharine,  which  is  230  times  as  sweet  as  the  best  cane  sugar. 
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THE  TEAOHINO  OF  MATHEMATICS  IN  THE  MIDDLE  SCHOOLS 
OF  SWITZESLAND. 

By  M.  O.  Tripp,  Ph.D., 
College  of  the  City  of  New  York. 

The  position  of  Switzerland  in  educational  affairs  is  more  im- 
portant than  her  territory,  population,  and  natural  resources  would 
lead  one  to  expect.  This  land  of  Rousseau  and  Pestalozzi  is 
actually  in  the  forefront  of  European  nations  in  public  education. 
The  public  elementary  schools  are  free  like  our  own;  and,  like 
the  United  States,  the  general  government  exercises  very  little 
direct  control,  the  schools  being  under  the  immediate  manage- 
ment of  the  various  cantons,  just  as  our  schools  are  managed  by 
the  different  states.  The  only  example  of  direct  federal  control 
is  the  famous  technical  school  (Eidgenossische  Polytechnikum) 
in  Zurich.  This  lack  of  direct  central  authority  gives  the  cantons 
an  opportunity  to  arrange  their  courses  of  study  so  as  to  meet 
the  wishes  of  the  people  in  each  region.  It  cannot  be  said  that 
there  is  any  one  prevailing  system  of  national  education.  The 
great  variety  in  language  and  religion  tends  to  produce  different 
educational  ideals. 

The  middle  schools  of  Switzerland  are  those  between  the 
primary  schools  having  a  six  years'  course  and  the  university.  In 
German  Switzerland  these  schools  are  usually  called  Kantonschu- 
len  or  obere  Realschulen,  while  in  Frengh  Switzerland  they  re- 
ceive the  name  of  college  or  gymnase;  the  latter  class  of  schools 
is  divided  into  a  division  infSrieure  of  about  three  years  and  a 
division  superieure  of  about  four  years.  Frequently  different 
courses  are  given  in  the  same  school,  such  as  classical,  scientific, 
or  technical ;  and  sometimes  there  are  separate  classes  according 
to  the  language  of  instruction,  the  subject-matter  being  the  same 
in  each  class.  In  the  College  de  Geneve  there  is  a  course  called 
section  reale,  the  work  corresponding  closely  to  that  of  the  Ger- 
man Realgymnasium,  in  which  emphasis  is  placed  upon  the  study 
of  modern  languages  and  Latin.  In  French  Switzerland  the 
middle  schools  are  much  like  the  French  Lycees,  and  the  methods 
of  instruction  are  similar  to  those  of  the  French  institutions.  Nat- 
urally in  Eastern  Switzerland  the  influence  of  German  pedagogy 
is  strong. 

As  regards  the  scope  of  mathematical  instruction  in  the  middle 
schools  there  is  great  diversity  in  the  various  cantons.  The  most 
common  practice  is  to  give  courses  in  arithmetic  and  observa- 
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tional  geometry  during  the  first  two  years,  the  students  in  these 
courses  averaging  from  twelve  to  fourteen  years  of  age.  In 
general,  arithmetic  occupies  more  than  twice  as  much  time  as 
geometry,  both  together  being  taught  about  five  hours  per  week. 
The  instruction  in  algebra  usually  commences  in  the  second  or 
third  year  and  is  given  from  one  to  two  hours  per  week;  about 
half  the  schools  begin  the  work  in  the  second  year  and  about 
half  in  the  third  year.  The  work  in  demonstrative  geometry  is 
not  usually  begun  until  the  student  has  had  a  propaedeutic  course 
of  from  one  to  three  years  in  intuitive  geometry.  The  most  ad- 
vanced courses  extend  considerably  beyond  our  high  school  work. 
Most  of  the  mathematical  subjects  taught  in  our  freshman  and 
sophomore  classes  are  given  in  the  Swiss  middle  schools.  Classi- 
cal courses  are  usually  concluded  by  a  course  in  plane  analytic 
geometry,  while  the  scientific  courses  generally  include  solid  ana- 
lytic geometry,  descriptive  geometry,  and  calculus.  About  eighty 
per  cent  of  the  Realschulen  give  courses  in  calculus,  while  about 
eighty  per  cent  of  the  other  middle  schools  do  not  give  courses 
in  that  subject.  Calculus  is  treated  in  a  more  elementary  way 
than  in  our  colleges.  Brandenburger  in  his  book,  Der  Mathema- 
tische  Unterricht  in  der  Schweiz,  gives  an  interesting  discussion 
of  the  aims  in  the  study  of  calculus  as  reported  by  the  various 
instructors  in  the  Swiss  middle  schools,  the  general  agreement 
being  that  instruction  should  be  confined  to  the  ideas  of  differ- 
ential quotient  and  the  integral  of  a  function,  together  with  the 
simplest  applications  to  geometry  and  physics. 

Our  elementary  and  high  schobl  period  of  twelve  years  corre- 
sponds very  nearly  to  the  time  spent  by  the  Swiss  in  the  primary 
and  middle  schools,  and  yet  we  cover  much  less  ground.  Not 
only  in  the  scientific  and  technical  courses,  but  also  in  the  classi- 
cal, the  Swiss  lay  great  stress  on  mathematics.  Professor  Fehr  of 
Geneva,  Editor  of  L'Enseignement  Mathematique,  speaking  be- 
fore the  International  Congress  of  Mathematicians  at  Rome,  in 
1908,  said:  "Personne  ne  conteste  chez  nous  que  les  mathema- 
tiques  appartiennent  a  Tensemble  des  connaissances  qui  forment 
la  culture  generale  indispensable  a  toutes  les  carrieres  liberales  et 
chacun  reconnait  que  les  elements  que  Ton  enseigne  dans  les 
gymnases  sont  a  la  portee  de  tout  cerveau  normalement  consti- 
tue." 

Besides  the  subjects  usually  required  for  admission  to  an  Amer- 
ican college,  the  Swiss  universities  generally  insist  upon  trigo- 
nometry and  conic  sections  as  prerequisites  to  all  mathematical 
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courses  in  the  university.  It  is  true  that  the  universities  usually 
give  work  in  plane  analytic  geometry,  but  it  is  of  a  more  general 
nature  than  that  offered  during  the  freshman  and  sophomore 
years  in  American  colleges. 

The  Swiss  trade  schools,  of  which  there  are  three  hundred, 
exert  a  powerful  influence  upon  the  mathematical  instruction. 
The  introduction  of  horology  into  the  schools  during  the  eigh- 
teenth century  acted  as  an  incentive  to  the  study  of  mathematics. 
Thus  the  circle  and  the  calculations  concerning  it ;  the  measure  of 
angles  and  the  considerations  concerning  cog-wheels,  contributed 
to  the  elevation  of  geometry  and  trigonometry.  In  order  to  carry 
out  the  exact  constructions  necessary  in  making  watches  and  in- 
struments of  precision  the  Swiss  turned  to  the  exact  sciences. 
The  great  variety  of  trade  schools  shows  that  there  is  every 
effort  to  make  the  schools  prepare  for  the  real  lifework  of  the 
average  citizen. 

One  marked  contrast  between  the  teaching  of  mathematics  in 
this  country  and  in  Switzerland  consists  in  the  use  made  of  the 
text-book.  Many  Swiss  schools  use  text  and  exercise  books,  while 
others  use  neither ;  some  schools  use  exercise  books  but  no  text- 
books. The  use  of  text-books  without  exercise  books  is  very  ex- 
ceptional. In  America  there  is  a  strong  preference  for  the  use  of 
text-books,  while  in  Switzerland,  as  in  general  in  continental 
Europe,  there  is  a  great  aversion  for  text-book  instruction.  Al- 
though the  Swiss  teacher  generally  recognizes  that  much  time  is 
lost  in  dictating  theory  and  exercises,  yet  there  is  the  feeling  that 
what  the  student  sees  developed  before  his  eyes  he  comprehends 
more  fully  than  when  he  studies  from  a  text.  Teaching  without 
a  text-book  has  the  advantage  of  inciting  the  teacher  to  greater 
activity  and  responsibility,  but  this  does  not  always  mean  greater 
activity  of  the  students.  If  outside  study  and  preparations  of 
lessons  receive  little  emphasis,  as  in  the  German  Gymnasium,  then 
it  would  seem  that  the  method  of  developing  the  theory  in  the 
class  room  is  especially  advantageous;  but  any  course  of  study 
in  which  students  do  not  learn  to  use  books,  and  thus  to  work  in- 
dependently of  the  teacher,  is  particularly  defective. 

In  the  Collbge  de  GenSve,  one  school  where  I  made  observa- 
tions, the  lecture  method  was  followed.  The  instructor  spoke 
slowly  following  notes,  and  the  pupils  took  down  every  word 
that  was  said.  The  method  was  much  the  same  as  that  of  the 
university.  This  long  and  tedious  reproduction  of  the  ordinary 
text-book  theory  did  not  impress  me  as  being  the  best  use  of  the 
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time  allotted  to  the  subject.  One  or  two  periods  per  week  were 
given  to  the  consideration  of  exercises,  just  as  is  usually  done  in 
the  more  elementary  courses  in  the  universities.  This  tendency 
to  lecture  may  be  observed  in  French  schools,  but  it  is  not  the 
plan  usually  followed  in  the  German  schools. 

The  limited  use  of  the  blackboard  in  mathematical  instruction 
in  European  schools  is  a  surprise  to  the  American  observer.  One 
small  blackboard  near  the  teacher's  desk,  and  that  largely  for  the 
individual  use  of  the  teacher,  seems  to  be  the  common  rule. 
Teachers  in  this  country  generally  feel  that  a  large  amount  of 
blackboard  work  is  an  absolute  necessity.  An  observation  of  the 
methods  employed  in  teaching  mathematics  with  a  small  amount 
of  blackboard  work  tends  to  make  one  feel  that  we  overemphasize 
the  importance  of  the  blackboard.  American  teachers  often  feel 
that  students  are  doing  good  work  if  demonstrations  and  solu- 
tions are  written  out  accurately  and  in  correct  form ;  and  hence 
they  frequently  do  not  spend  much  time  in  discussing  the  real 
spirit  of  the  mathematical  processes  involved.  In  this  way  the 
purely  mechanical  side  is  brought  into  great  prominence  to  the 
neglect  of  sound  reasoning.  The  ability  to  explain  from  a  figure 
without  pr  ^viously  writing  a  demonstration  is  very  desirable ;  and 
it  is  something  too  often  neglected  in  our  schools.  It  is  more 
difficult,  I  believe,  in  American  than  in  European  schools,  to  get 
students  to  "chalk  and  talk"  simultaneously. 

As  a  prerequisite  for  a  license  to  teach  in  the  Swiss  middle 
schools  most  of  the  cantons  require  a  full  university  course  of 
from  four  to  five  years,  a  standard  which  is  considerably  higher 
than  that  obtaining  in  American  high  schools.  In  the  Canton 
Waadt  the  candidate  must  possess  a  Licence  is-lettres,  for  which 
rank  two  to  three  years'  university  study  is  required.  It  is,  there- 
fore, about  the  same  as  our  bachelor's  degree.  Several  cantons 
give  preference,  for  mathematical  positions,  to  those  teachers  who 
have  taken  a  diploma  in  engineering,  maintaining  that  in  this 
way  the  applications  of  mathematics  will  receive  more  attention. 
Considerable  stress  is  laid  upon  the  pedagogical  preparation  of 
candidates  for  positions  in  the  middle  schools,  but  there  is  seldom 
any  official  regulation  in  regard  to  such  preparation. 

In  the  University  of  Geneva  Professor  Fehr  gives  pedagogical 
courses  in  the  teaching  of  elementary  mathematics  which  are 
well  attended.  In  conversation  with  the  writer  this  noted  pro- 
fessor said  that  teachers  of  mathematics  usually  spend  two  years 
in  general  university  studies  and  then  one  year  of  specialization 
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in  mathematics  above  the  regular  course  in  calculus.  He  said 
that  in  the  future  it  was  quite  probable  that  there  would  be  a 
doctorate  requirement.  As  an  evidence  of  progressiveness  I  quote 
the  following  resolution  passed  in  1904  by  the  Swiss  Association 
of  Mathematical  Teachers:  "It  is  desirable  that  in  higher  sec- 
ondary instruction,  notably  in  the  gymnasiums,  a  greater  place 
shall  be  given  to  the  historical  development  of  mathematics."  The 
organization  of  vacation  courses  for  mathematical  teachers  in  the 
middle  schools  also  shows  the  great  interest  of  the  Swiss  in  the 
teaching  of  mathematics. 

The  hope  of  democracy  lies  in  the  education  of  the  whole  peo- 
ple; and  hence  it  is  that  such  a  pure  democracy  as  Switzerland 
takes  educational  affairs  very  seriously,  much  more  so  than  we  do 
here  in  America,  for  it  is  generally  conceded  that  their  govern- 
ment, as  an  expression  of  popular  control,  is  superior  to  our  own. 
Naturally  it  is  in  the  field  of  mathematics  that  seriousness  in 
education  is  most  keenly  discernible,  for  in  this  domain  it  may 
be  said  with  certainty  that  nothing  comes  without  labor. 

EISTOBT  OF  THE  GRAPH  IN  ELEMENT ABT  ALGEBRA  IN  THE 
UNITED  STATES. 

By  Emily  G.  Palmer^ 
Salem,  Oregon, 

The  "Committee  of  Ten"  in  their  report  in  1893  mentioned 
vaguely  the  correlation  of  the  several  branches  of  mathematics 
but  suggested  no  platis.  Until  about  twelve  years  ago  very  little 
had  been  done  toward  the  correlation  either  of  the  different 
branches  of  secondary  mathematics  or  of  any  of  these  branches 
with  the  practical  world.  Some  demand  has  arisen  for  more  con- 
crete problems  and  here  and  there  a  few  teachers  were  using  the 
graph,  but  no  text-book  in  elementary  algebra  printed  before 
1902,  which  I  have  been  able  to  find,  introduces  any  of  the  theory 
graphically. 

To  Professor  Perry  of  England  we  are  largely  indebted  for 
the  impetus  given  this  phase  of  our  instruction  in  mathematics. 
The  introduction  of  the  graph  into  elementary  algebra  was  one 
of  his  first  steps  toward  the  correlation  of  algebra  with  industrial 
work  and  he  urged  its  use  in  his  address  before  the  British  Asso- 
ciation for  the  Improvement  of  the  Teaching  of  Mathematics  in 
Glasgow  in  1900.  The  next  year  the  Mathematical  Association 
6f  London  gave  as  their  opinion  "that  graphs  should  be  intro- 
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duced  as  early  as  possible  and  be  used  extensively,  certainly  in 
connection  with  simultaneous  linear  and  quadratic  equations." 

As  a  result  of  this  agitation  and  interest  in  graphic  algebra  the 
need  of  suitable  text-books  was  felt  and  small  pamphlets  for  sup- 
plementary work  in  the  graph  appeared,  such  as  the  monograph 
published  by  D.  C.  Heath  &  Co.  in  1902  as  a  supplement  to  the 
Wells  Algebra.  The  very  first  number  of  School  Science  and 
Mathematics  gives  a  list  of  such  books  and  pamphlets  to  supple* 
ment  the  algebras  of  that  day. 

Still  authors  of  text-books  were  conservative  and  inserted  the 
work  on  graphs  after  the  whole  discussion  and  solution  of  simul- 
taneous equations.  The  text  was  so  arranged,  that  the  teacher 
might  omit  the  chapter  on  graphs  without  in  any  way  destroying 
the  continuity  of  the  work. 

In  1903  the  American  Mathematical  Society  appointed  a  special 
committee  to  prepare  standard  formulations  of  college  entrance 
requirements  in  mathematics,  in  cooperation  with  committees  al- 
ready appointed  by  the  Society  for  the  Promotion  of  Engineering 
Education  and  by  the  National  Education  Association.  Their  re- 
port, after  listing  the  topics  to  be  included  in  elementary  algebra, 
says :  "The  use  of  graphic  methods  and  illustrations,  particularly 
with  the  solution  of  equations,  is  also  expected."  This  report  is 
signed  by  Professor  H.  W.  Tyler  of  Massachusetts  Institute  of 
Technology,  Professor  T.  S.  Fisk  of  0)lumbia  University,  Pro- 
fessor W.  F.  Osgood  of  Harvard,  Professor  Alex  Ziwet,  Uni- 
versity of  Michigan,  and  Professor  J.  W.  A.  Young  of  Chicago 
University. 

In  response  to  this  positive  stand  taken  by  leaders  in  the 
mathematical  world  and  to  the  growing  feeling  among  the  rank 
and  file  of  teachers  of  algebra  that  the  graph  is  a  useful 
tool,  most  of  our  algebras  published  since  1905  have  introduced 
the  negative  number  and  simultaneous  equations  by  means  of  the 
graph. 

As  the  use  of  graphical  methods  in  equations  showed  the  strong 
appeal  that  concrete  work  makes  to  the  minds  of  the  pupils,  other 
uses  have  been  found  for  the  graph  in  the  representation  of  posi- 
tive and  negative  numbers,  squaring  of  a  binomial,  the  direct  solu- 
tion of  problems,  tables  of  values  and  statistics  of  all  kinds.  Al- 
though there  are  some  algebras  published  even  within  the  last 
year  which  do  not  make  any  use  of  graphical  methods  and  some 
teachers  who  are  doing  little  or  nothing  with  it,  still  its  use  seems 
widespread  enough  to  prophesy  that  it  has  made  a  place  for  it- 
self in  elementary  mathematics. 
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THE  OATALFA  SEPTUM.' 

A  Factor  in  Distinguishing  Hardy  Catalpa. 
By  William  H.  Lamb. 

The  purpose  of  this  discussion  is  to  select  a  single  character, 
by  means  of  which  those  who  are  unfamiliar  with  the  technique 
of  botany  may  be  able  to  distinguish  hardy  catalpa  (Catalpa 
speciosa)  from  the  common  catalpa  (Catalpa  catalpa). 

Many  plant  species  are  not  distinguished  by  one  character 
alone,  but  by  the  combination  of  numerous  small  but  constant 
differences.  Unfortunately  this  is  true  of  our  two  species  of 
catalpa.  Very  unlike  in  silvical  qualities,  these  two  forms  are 
extremely  similar  in  botanical  characteristics.  In  fact,  the  leaves, 
flowers,  seeds,  and  even  the  pods,  are  so  nearly  alike  that  the 
identity  of  a  specimen  may  often  prove  puzzling,  even  to  one 
who  has  an  excellent  knowledge  of  our  forest  trees. 

It  is  practically  impossible  to  distinguish  between  the  two 
species  of  catalpa  from  the  leaves  alone.  It  is  true  that  the  leaves 
of  common  catalpa  are  stronger  scented  and  not  quite  so  long 
pomted  as  those  of  hardy  catalpa,  but  these  distinctions  are  very 
slight,  and,  being  entirely  relative,  are  practically  of  no  value. 

The  flowers  furnish  a  better  means  of  identification.  Those  of 
common  catalpa  are  thickly  spotted  on  their  inner  surface,  and 
the  lower  lobe  of  the  corolla  (the  white  part  of  the  flower)  is 
ret  notched,  while  those  of  hardy  catalpa  are  not  so  thickly 
spotted  and  the  lobe  of  the  corolla  is  slightly  notched.  But  catalpa 
flowers  are  fragile  and  only  available  for  a  short  time  in  the 
spring,  and  even  then  such  distinctions  are  of  little  value  except 
as  a  means  of  comparison. 

Identification  from  the  seeds  alone  is  most  difficult.  These  two 
species  have  seeds  so  very  much  alike  that  although  the  two 
forms  may  often  be  separated  when  placed  side  by  side,  yet  with 
a  single  specimen  at  hand  specific  identification  is  most  precarious. 

The  pods  are  essential  for  positive  identification ;  but  even  with 
these  it  is  difficult  to  distinguish  the  species  because  of  their  ex- 
treme variability  in  size.  In  general  the  pods  of  hardy  catalpa 
are  larger  than  those  of  common  catalpa.  However,  pods  of 
common  catalpa  are  found  practically  as  large  as  the  largest  of 
the  hardy  catalpa.    According  to  Dr.  Sargent,'  the  pods  of  hardy 
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catalpa  are  8  to  20  inches  long  and  those  of  common  catalpa  6 
to  20  inches  in  length.  So  the  size  of  the  pod  is  absolutely  of 
no  value  as  a  distinguishing  feature. 

There  is,  however,  one  character  which  seems  to  be  entirely 
dependable — the  septum. 

The  septum  is  the  long,  wrinkled  partition  in  the  pod,  along 
which  the  seeds  are  arranged.  This  septum,  or  pod-partition, 
may  be  flat  or  rounded  in  general  outline,  and  this  variation  in 
shape  furnishes  a  valuable  means  of  distinguishing  hardy  catalpa. 

The  septum  of  hardy  catalpa,  an  enlarged  section  of  which  is 
shown  diagrammatically  by  figure  i,  is  rounded  in  general  outline. 
The  septum  of  common  catalpa  (figure  2)  is  only  thickened  along 
the  middle.    On  account  of  the  fact  that  the  septum  is  very  ir- 


F10.1. 


Fio.  2. 


regular  and  not  of  uniform  thickness  throughout,  places  may  be 
found  in  the  septum  of  hardy  catalpa  that  are  considerably  flat- 
tened, approaching  the  shape  shown  by  figure  2,  but  no  pod  of 
common  catalpa  has  ever  been  observed  by  the  writer  with  a 
septum  as  thick  in  any  place  as  shown  by  figure  i. 

This  important  distinction  has  never  been  sufliciently  empha- 
sized, and  will,  it  is  believed,  prove  to  be  the  most  dependable 
single  factor  in  the  identification  of  hardy  catalpa. 
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REINDEER  PROGRESS  IN  ALASKA. 

By  Lillian  E.  Zeh, 

The  herding  and  breeding  of  domesticated  reindeer,  intro- 
uced  as  an  experiment  a  number  of  years  ago,  with  animals 
imported  from  Siberia  by  the  Government,  has  now  become 
the  most  prominent  feature  of  the  industrial  education  of  the 
Eskimo,  and  the  ma^n  activity  of  many  native  villages  of 
Arctic  Alaska.  The  progress  in  civilization  that  has  been 
made  by  lifting  up  the  natives,  formerly  living  as  savages  and 
eking  out  a  precarious  existence  by  hunting,  with  no  other 
domestic  animal  than  the  dog,  to  the  estate  of  civilized,  self- 
supporting  herdsmen,  as  accomplished  through  the  reindeer 
industry,  is  a  remarkable  educational  achievement. 

The  Alaska  Reindeer  Service  has  now  reached  its  most 
successful  stage,  as  it  marks  the  beginning  of  the  period  of 
full  utilization  of  all  the  reindeer  owned  by  the  Government 
for  the  benefit  of  the  native  population.  At  the  present  time 
there  is  hardly  a  surplus  government  reindeer  north  of  the 
Kuskokwim  River.  This  has  been  made  possible  by  the 
establishment  of  new  reindeer  stations,  by  the  employment 
of  more  natives  as  chief  herders,  by  accepting  the  largest 
practical  number  of  apprentices,  and  by  transferring  reindeer 
to  both  chief  herders  and  apprentices  in  lieu  of  salary  supplies, 
the  chief  aim  and  fundamental  policy  of  the  government  being 
to  turn  the  reindeer  over  to  the  natives  as  rapidly  as  the  latter 
learn  the  industry  and  appreciate  its  value.  The  total  num- 
ber of  reindeer  in  Alaska  at  the  last  census  was  nearly  23,000, 
and  of  this  number  over  11,000  are  owned  by  the  natives. 
One  of  the  most,  striking  and  gratifying  features  is  the  large 
income  which  the  natives  derive  from  the  sale  of  reindeer 
products,  their  share  for  the  past  fiscal  year  having  been  $18,- 
000  and  over.  This  amount  does  not  include  the  value  of  the 
reindeer  skins  used  for  clothing  nor  that  of  the  meat  con- 
sumed as  food.  These  material  benefits  and  the  very  consid- 
erable income  thus  derived  demonstrate  the  fact  that  the 
reindeer  industry  has  become  one  of  the  most  prominent 
factors  in  the  economic  life  of  the  Eskimo. 

The  total  number  of  Alaskan  reindeer  is  distributed  in  herds 
among  twenty-eight  stations,  eighteen  of  these  being  owned 
by  the  government  and  ten  by  church  missions.  The  Lapps 
own  over  three  thousand.     The  natives  are  very  anxious  to 
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get  deer,  and  look  upon  them  as  a  safe  investment  for  their 
earnings,  usually  taking  deer  for  services  in  preference  to 
cash  when  an  opportunity  is  offered.  The  government  does 
not  sell  deer;  this  is  done  by  natives  and  missions  alone. 
The  various  missions  are  each  furnished,  by  the  government, 
a  herd  of  one  hundred  deer  on  loan  for  a  period  of  five  years. 
At  the  end  of  this  time  the  original  number  must  be  returned. 
The  mission  keeps  the  increase  in  fawns,  which  amounts  to 
several  hundred,  derived  from  the  government  loan.  The 
Moravian  Mission  of  Bethel  has  one  of  the  largest  herds, 
nearly  three  thousand.  Other  missions  having  over  one  thou- 
sand deer,  all  in  Arctic  Alaska  north  of  the  Yukon,  are  located 
at  Golovin,  Kotzebue,  Shishmerof,  and  Cape  Wales.  At  Bar- 
row, the  most  northern  point  on  the  American  Continent, 
there  is  a  herd  of  three  hundred.  The  total  population  here  is 
about  four  hundred  men,  women,  and  children.  One  native, 
"Takpuk,"  is  considered  the  richest  man  of  that  region,  as' 
he  owns  a  herd  of  one  hundred  and  thirty-seven  reindeer. 

The  missions  support  and  educate  a  number  of  young  ap- 
prentice herders.  The  native  herders  also  take  on  apprentices 
and  award  them  six  deer  a  year  in  payment  for  their  services. 
The  Laplanders  take  a  loan  of  deer  for  five  years  from  the 
government  and  give  their  services  as  instructors  for  that 
period.  At  the  end  of  five  years  the  Lapp  returns  the  one 
hundred  deer  and  becomes  an  independent  herder  himself 
with  the  large  increase  of  reindeer  he  has  obtained  from  the 
herd.  The  Lapp  herders  are  not  interested  in  the  extension 
of  the  reindeer  among  the  natives.  Some  of  the  largest 
owners  of  deer  are  Lapps,  at  least  a  half  dozen  of  these  men 
have  accumulated  herds  from  five  to  eight  hundred. 

In  introducing  the  reindeer  as  a  means  to  promote  the 
Eskimos'  industrial  life  and  to  provide  a  permanent  livelihood 
for  them,  it  has  been  found  necessary  by  the  government  to 
put  the  young  natives  through  a  course  of  training.  Those  who 
get  their  deer  directly  from  the  government  serve  an  appren- 
ticeship of  five  years.  There  are  several  hundred  of  these  at 
present.  They  are  bound  by  a  written  contract  the  strict 
terms  of  which  they  cannot  violate  without  danger  of  losing 
their  annual  allotment  of  reindeer  and  suffering  discharge 
from  the  service.  This  caring  for,  training,  and  breeding  the 
deer  is  an  education  in  itself,  and  the  best  which  the  govern- 
ment could  give  to  the  young  natives.   With  careful  training 
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the  Eskimo  boys  make  excellent  herders.  They  readily  learn 
how  to  take  care  of  reindeer,  to  throw  the  lasso,  to  harness 
and  drive  the  deer,  and  to  watch  the  fawns.  Siberian  herders 
were  at  first  imported  to  teach  them,  but  of  late  years  the 
more  intelligent  and  efficient  Laplanders,  who  have  learned 
by  centuries  of  experience  the  breeding  of  reindeer,  have  been 
secured.  The  Eskimo  boys  excel  the  Lapps  in  some  respects ; 
they  can  lasso  better,  and  many  become  experts  in  making 
harnesses  and  sleds.  The  minding  of  the  herd  requires  con- 
stant vigilance,  especially  in  the  spring  during  the  fawning 
season.  Then  the  herders  have  to  keep  watch  with  their 
rifles  by  turns,  day  and  night,  in  order  to  protect  the  herd 
from  the  ravages  of  the  Arctic  wolf  and  the  dogs.  In  the  ear 
of  each  government  deer  a  little  aluminum  button  is  fastened 
securely,  and  all  private  owners  and  herders  have  a  mark 
which  must  be  registered  with  a  local  superintendent  of  a 
reindeer  station  and  also  at  Washington.  Besides  being 
taught  the  art  of  "deermanship"  the  apprentices  are  instructed 
in  keeping,  accounts,  in  the  methods  of  marketing  reindeer, 
and  in  other  practical  matters  connected  wiljh  the  industry. 
No  apprentice  can  become  a  herder  unless  he  is  proficient  in 
elementary  reading,  arithmetic,  and  writing.  At  the  end  of 
his  apprenticeship  the  young  Eskimo  native  is  allotted  a  num- 
ber of  deer  by  the  government,  and  with  the  increase  ob- 
tained during  the  interval  of  his  five  years'  service,  each 
apprentice  will  have,  on  an  average,  a  herd  of  fifty  reindeer. 
As  this  herd  will  double  itself  every  three  years,  the  graduate 
apprentice  will  have  a  herd  which  will  assure  him  a  self- 
supporting  income  quite  large  enough  to  satisfy  the  economic 
wants  of  himself  and  family  in  the  future.  He  is  thus  estab- 
lished in  business  by  the  government  and  is  given  free  pas- 
turage thereafter.  A  reindeer  produces  one  fawn  in  the  spring 
each  year  for  ten  years. 

Among  the  useful  and  profitable  products  of  the  reindeer 
are  the  skins  for  clothing.  Of  these  pelts  most  varied  use  is 
made.  From  them  are  fashioned  the  tight-fitting  trousers  and 
that  wonderful  outer  garment,  the  "parka,"  universally  worn 
in  winter  by  both  male  and  female  natives  and  by  many 
whites.  The  "parka"  extends  to  the  knees  and  has  a  close- 
fitting  hood  which  keeps  the  head  and  shoulders  comfortably 
warm  even  in  the  severest  weather.  These  reindeer  garments 
are  remarkable  for  their  excellent  quality  of  resisting  mois- 
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ture  and  cold.  A  close  examination  of  the  hair  of  reindeer 
furnishes  an  explanation  of  its  peculiar  value.  The  hair  is  not 
merely  a  hollow  tubular  structure  with  a  cavity  extending 
throughout  its  entire  length,  but  is  divided,  or  partitioned  off, 
into  exceedingly  numerous  cells  like  watertight  compart- 
ments. These  are  filled  with  air,  and  their  walls  are  so  elastic 
and  at  the  same  time  have  such  strong  resisting  power  that 
they  are  not  broken  up,  either  during  the  process  of  manu- 
facture or  by  swelling  when  wet.  The  cells  expand  in  water, 
and  thus  it  happens  that  a  person  clad  completely  in  garments 
made  of  reindeer  hair  does  not  sink  when  in  water,  because 
he  is  buoyed  up  by  the  air  contained  in  the  hundreds  of  thou- 
sands of  air  cells. 

As  the  mineral  industry  continues  to  grow  in  Alaska,  the 
natives  and  graduate  apprentices  can  earn  high  wages  at 
teamsters,  hauling  supplies  and  furnishing  fresh  reindeer  meat 
to  mining  camps  in  the  interior  at  points  remote  from  railway 
and  steamboat  transportation.  Well-trained  sled  deer  have 
been  used  to  carry  the  mail  650  miles,  from  Barrow  south 
to  Kotzebue.  This  is  the  most  northern  mail  route  in  the 
United  States  and  likewise  the  most  perilous  and  desolate 
mail  trip  in  the  world.  Two  trips  are  made  a  year  and  $750  is 
paid  for  each  journey.  The  average  speed  is  from  40  to  50 
miles  per  day,  the  reindeer  keeping  up  a  steady  trot.  One 
of  the  latest  and  most  remarkable  feats,  showing  the  capacity 
of  the  reindeer  for  sledge  driving,  was  that  accomplished  by 
Mr.  W.  T.  Loop,  the  superintendent  of  the  government  rein- 
deer service.  During  the  recent  winter  tour  of  inspection 
Mr.  Loop  traveled  more  than  2,500  miles  with  a  reindeer 
sled  over  frozen  tundra  and  ice-bound  li/ers  of  the  lower 
Behring  Sea  region  from  the  middle  Yukon  to  the  coast  of 
the  North  Pacific.  Part  of  this  route  for  several  hundred 
miles  lay  through  a  country  which  had  been  so  little  traversed 
that  not  even  native  trails  had  been  made.  The  Alaskan 
reindeer  service  is  under  the  direction  of  the  United  States 
Bureau  of  Education. — Journal  of  Geography, 
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THE  JORDAN  VALLEY. 

By  Frederick  Homburg, 
Woodward  High  School,  Cincinnati,  Ohio. 

The  rift  that  yawns  between  the  highland  of  Judea,  Samaria 
and  Galilee  on  the  West,  and  the  land  of  Moab,  of  Ammon 
and  of  Gilead  on  the  East  is  drained  by  the  stream  cele- 
brated in  song  and  story — the  Jordan.  It  is  formed  in  the 
north  of  the  Holy  Land  by  the  confluence  of  three  small 
streams  which  come  leaping  from  the  heights  of  Hermon. 
After  union,  the  waters  flow  south  through  a  swampy  region 
including  Lake  Huleh,  an  unhealthy  land,  whose  seedy  thick- 
ets shelter  gypsies  and  wild  buffalo.  On  leaving  this  region 
the  course  of  the  stream  becomes  interesting.  The  level  of 
the  swamp  is  2  meters  above  that  of  the  sea ;  that  of  the  Sea 
of  Galilee,  16  kilometers  beyond,  is  208  meters  below  the  sea 
level;  so  decided  a  difference  in  level  for  so  short  a  distance 
means  rapid  flow,  and  we  find  the  Jordan  connecting  the  two 
basins  by  a  series  of  cataracts  through  a  deep,  narrow  gorge 
with  steep  basalt  walls.  The  Sea  of  Galilee,  or  Lake  Gennes- 
aret,  or  Lake  Tiberias,  is  a  smiling  sheet  of  fine,  clear  water, 
full  of  fish,  once  enlivened  by  fishermen's  boats,  now  almost 
deserted.  South  of  Lake  Tiberias,  between  abruptly  rising 
heights,  there  stretched  a  plain  of  varying  width  in  which 
the  Jordan  has  cut  a  sinuous  and  shifting  channel.  It  me- 
anders so,  that  its  course  from  the  Sea  of  Galilee  to  the  Dead 
Sea  is  three  times  as  long  as  the  air  line.  The  many  rapids 
which  justify  the  river's  name,  Jordan,  meaning  "swiftly  flow- 
ing," render  it  unfit  for  navigation;  and  the  low  position  of 
its  sunken  channel  prevents  its  use  for  irrigating  purposes. 
In  spite  of  four  bridges  (the  newest  one  near  Jericho)  the 
river  is  a  hindrance  to  traffic,  for  its  numerous  fords  are  pass- 
able only  at  low  water.  Were  it  not  for  tradition  and  senti- 
ment and  the  consequent  attraction  of  tourists,  and  the  fact 
that  the  Jordan  affords  drink  to  men  and  animals,  it  might 
be  called  a  worse  than  useless  stream. 

The  country  about  the  river,  whose  water  is  often  bottled 
and  sent  to  Christian  lands,  there  to  be  used  at  pompous 
baptisms,  is  private  domain  of  the  Turkish  sultan.  Toward 
the  end  of  its  course,  the  Jordan  flows  through  a  country 
which,  outside  of  some  oases,  is  nearly  a  desert  and  which 
foretells  the  nearness  of  the  Dead  Sea.  The  sacred  waters 
of  the  Jordan  do  not  mingle  with  those  of  other  rivers  in 
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the  common  ocean,  but  are  lost  in  a  lake  without  an  outlet 
and  without  life.  The  shores,  too,  are  of  desolate  aspect; 
hence  its  name  is  entirely  appropriate — the  Dead  Sea.  The 
absence  of  life  is  accounted  for  by  the  fact  that  the  water 
is  six  times  as  salty  as  ocean  water;  and  this  is  due  to  the 
minerals  washed  in  from  an  arid  land,  and  to  enormous  evap- 
oration. The  shores  likewise  are  salty,  hence  perfectly  bare 
and  barren;  salt  pillars  on  the  west  side  recall  the  story  of 
Lot's  wife.  As  in  ocean  water,  the  main  solid  in  solution  is 
common  salt;  but  there  is  also  magnesium  chloride  which 
adds  bitterness,  and  calcium  chloride  which  imparts  a  some- 
what oily  character.  You  need  not  be  a  swimmer  to  remain 
at  the  surface  of  the  Dead  Sea ;  for  floating  is  no  art  in  a  liquid 
whose  specific  gravity  is  higher  than  that  of  the  body.  On 
emerging  from  the  bath,  the  concentration  of  the  brine  and 
the  dryness  of  the  air  cause  the  hair  to  become  quite  salty. 
When  the  water  is  agitated,  the  heaviness  of  the  salty  waves 
causes  them  to  strike  like  iron,  and  they  prove  destructive 
to  light  boats.  But  the  Dead  Sea  was  not  always  so ;  ancient 
shore  lines  indicate  that  the  Jordan  Valley  was  at  one  time  a 
fresh  water  lake  with  an  outlet  into  the  Mediterranean,  and 
a  surface  some  30  meters  above  the  level  of  the  sea.  In  those 
days  the  Dead  Sea  and  the  Sea  of  Galilee  were  one ;  after  the 
drainage  ceased,  and  especially  after  the  lakes  were  parted, 
salt  accumulated  in  the  lower  one.  The  difference  in  level 
between  the  two  lakes  is  quite  marked;  the  surface  of  the 
upper  lake  being  208  meters,  that  of  the  lower  393.8  meters 
below  the  level  of  the  sea ;  so  throughout  its  course  the  con- 
necting river  has  a  very  appreciable  fall.  But  with  all  its 
swiftness,  the  Jordan  could  not  have  carved  out  this  deep 
valley.  Not  connected  with  the  sea  and  flowing  far  below 
sea  level,  where  could  it  have  deposited  the  material?  The 
rocks  of  the  valley  sides  and  their  dip  prove  that  it  is  one  of 
that  rare  type  called  rift  valleys  or  valleys  of  fracture.  The 
faulting  may  have  been  produced  by  a  series  of  catastrophes ; 
and  they  must  have  been  veritably  earth-shaking.  History 
records  a  number  of  disastrous  earthquakes  in  the  Holy  Land, 
proving  that  even  recently  this  has  been  unstable  ground,  and 
the  story  of  the  destruction  of  Sodom  and  Gomorrah  may 
have  had  such  a  calamity  as  its  basis.  The  surface  of  the  Dead 
Sea  is  nearly  400  meters  below  the  surface  of  the  ocean,  and  in 
places  is  nearly  400  meters  deep. — Journal  of  Geography. 
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FIFTH  INTERNATIONAL  GONGBBSS  OF  MATHEMATICIANS. 

By  J.  W.  A.  Young, 
University  of  Chicago. 

The  Fifth  International  Congress  of  Mathematicians  was  held 
at  Cambridge,  England,  August  21-27,  1912.  Meeting  in  a 
University  which  for  rare  beauty  and  charm  of  picturesque  me- 
diaeval buildings  and  exquisite  gardens  can  find  a  rival  only  in 
its  sister  university  of  Oxford,  living  in  the  rooms  occupied  in 
times  past  by  generation  after  generation  of  the  world's  greatest 
savants,  dining  in  halls  of  storied  interest  from  whose  crowded 
walls  look  down  the  likenesses  of  great  men  of  many  an  age 
whom  the  world  still  delights  to  honor,  royally  entertained  with 
that  cordial  hospitality  for  which  the  Englishman  is  so  justly 
famed,  the  mathematicians  who  gathered  at  Cambridge  from 
the  four  corners  of  the  world  lived  through  a  unique  week  of 
their  lives,  and  carried  away  with  them  a  souvenir,  never  to  be 
forgotten,  of  a  Congress  brilliant  alike  in  historic  and  lovely 
surroundings,  in  elaborate  social  functions  and  in  number  and 
value  of  the  mathematical  lectures,  reports  and  papers  presented. 
The  670  members  present  (567  regular  members  and  103  mem- 
bers of  their  famihes)  were  registered  from  twenty-seven  coun- 
tries as  follows: 

Great  Britain 250      Roumania 

United  States  82      Belgium    

Germany 70      Brazil    

France 52      Canada   

Italy 38      Norway 

Russia  38      India   

Spain  25      Japan 

Austria  19      Portugal  

Hungary 19      Egypt 

Sweden  13      Bulgaria  

Holland    9      Chili 

Switzerland  9      Mexico   

Denmark    5      Servia   

Greece 5 

The  sessions  of  the  Congress  were  of  three  types,  general 
sessions,  lectures,  and  sectional  meetings. 

At  the  first  general  session  addresses  of  welcome  were  made 
by  Sir  G.  H.  Darwin,  president  of  the  Cambridge  Philosoph- 
ical Society,  who  in  the  course  of  his  address  paid  a  touching 
tribute  to  the  memory  of  H.  Poincare,  and  by  Mr.  R.  F.  Scott, 
vice  chancellor  of  the  University.  At  the  next  general  session 
Sir  George  Darwin  was  chosen  president  of  the  congress,  and 
Lord  Rayleigh  was  made  honorary  president. 
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Sir  G.  Greenhill  made  the  following  statement  in  regard  to 
the  work  of  the  international  commission  on  the  teaching  of 
mathematics  : 

The  statement  I  have  to  make,  sir,  to  the  congress  is  given 
in  the  formal  words  following: 

1.  The  International  Commission  on  the  Teaching  of  Mathe- 
matics was  appointed  at  the  Rome  Congress,  on  the  recommen- 
dation of  the  members  of  Section  IV. 

2.  The  several  countries,  in  one  way  or  another,  have  recog- 
nized officially  the  work,  and  have  contributed  financial  support 

3.  About  150  reports  have  been  published,  and  about  50  more 
will  appear  later. 

4.  The  Commission  will  report  in  certain  sessions  of  Section 
IV. 

5.  The  Commission  hopes  to  be  continued  in  power,  in  order 
that  the  work  now  in  progress  may  be  brought  to  completion. 

A  resolution  to  this  effect  will  be  offered  at  the  final  meeting 
of  the  Congress. 

The  third  general  session  closed  the  Congress.  At  this  session, 
upon  motion  of  C.  Godfrey,  seconded  by  W.  von  Dyck,  the  follow- 
ing resolution  was  unanimously  passed.  Its  adoption  had  previ- 
ously, upon  the  motion  of  Sir  George  Greenhill,  been  unanimously 
recommended  to  the  congress  by  the  International  Commission 
on  the  Teaching  of  Mathematics,  in  its  separate  session,  and  by 
Section  IV  (b)  in  joint  session. 

"Resolved,  That  the  Congress  expresses  its  appreciation  of 
the  support  given  to  its  Commission  on  the  Teaching  of  Mathe- 
matics by  various  governments,  institutions,  and  individuals; 
that  the  Central  Committee  composed  of  F.  Klein  (Gottingen), 
Sir  G.  Greenhill  (London),  and  H.  Fehr  (Geneva)  be  continued 
in  power  and  that,  at  its  request,  David  Eugene  Smith  of  New 
York  be  added  to  its  number ;  that  the  delegates  be  requested  to 
continue  their  good  offices  in  securing  the  cooperation  of  their 
respective  governments,  and  in  carrying  on  the  work;  and  that 
the  Commission  be  requested  to  make  such  further  report  at 
the  Sixth  International  Congress,  and  to  hold  such  conferences 
in  the  meantime,  as  the  circumstances  warrant. 

It  was  decided  that  the  next  Congress  be  held  at  Stockholm 
in  1916. 

Professor  A.  G.  Webster  appropriately  voiced  the  heartfelt 
appreciation  and  thanks  of  the  members  of  the  Congress  for  the 
most  cordial  hospitality  so  lavishly  showered  upon  them  collec- 
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tively  and  individually  by  their  gracious  hosts,  and  all  present 
expressed  their  hearty  participation  in  what  he  had  said  by 
prolonged  applause  and  an  enthusiastic  rising  vote.  Thereupon 
a  few  fitting  words  of  the  chairman,  Sir  George  Darwin,  brought 
to  a  close  the  Fifth  International  Congress  of  Mathematicians. 

On  the  afternoon  of  the  last  day  of  the  Congress  a  procession 
of  members  proceeded  to  Cayley's  grave  and  there  deposited  a 
wreath  In  his  memory.  Funds  were  secured  for  the  prepara- 
tion of  a  silver  wreath  to  be  presented  to  the  University  as  a 
permanent  tribute  of  respect  and  honor  from  the  Congress  to 
this  great  Cambridge  mathematician. 

The  general  lectures  were  as  follows: 

F.  Enriques:  II  significato  della  critica  dei  principii  nello  svi- 
luppo  delle  matematiche. 

E.  W.  Brown :  Periodicity  in  the  solar  system. 

E.  Landau:  Geloste  und  ungeloste  Probleme  aus  der  Theorie 
der  Primzahlverteilung  und  der  Riemannschen  Zetafunktion. 

Prince  B.  Galitzin :  The  principles  of  instrumental  seismology. 

Bocher,  M. :  Boundary  problems  in  one  dimension. 

Borel,  E. :  Definition  et  domaine  d'existence  des  fonctions 
monogenes  uni  formes. 

Lannor,  Sir  J. :  The  dynamics  of  radiation. 

White,  Sir  W.  H. :  The  place  of  mathematics  in  engineering 
practice. 

The  sectional  work  was  carried  on  in  the  following  sections: 
I.    Arithmetic,  Algebra,  Analysis. 
II.     Geometry. 

Ilia.     Mechanics,  Physical  Mathematics,  Astronomy. 

I  lib.     Economics,  Actuarial  Science,  Statistics. 

IVa.     Philosophy  and  History. 

IVb.     Didactics. 

The  International  Commission  on  the  Teaching  of  Mathemat- 
ics held  one  session  separately,  and  three  sessions  jointly  with 
Section  IVb. 

Space  will  not  permit  an  enumeration  even  of  the  titles  of  all 
of  the  papers  presented  in  the  various  sections.  It  must  suffice 
to  say  that  28  papers  were  listed  in  Section  I,  22  papers  in  Sec- 
tion II,  18  papers  in  Section  Ilia,  and  11  papers  in  Section  Illb. 

Section  IVb  held  six  meetings  (two  of  them  jointly  with  Sec- 
'on  IVa),  under  the  chairmanship  of  the  f6llowing  gentlemen 

order:  Hon.  B.  A.  W.  Russell,  C  Godfrey,  D.  E.  Smith,  A, 
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Gutzmer,  E.  Czuber,  C  Bourlet,  J.  W.  A.  Young,   Sir  J.  J. 
Thomson,  R.  Fujisawa,  C  Godfrey. 

Three  of  these  sessions  were  held  jointly  with  the  International- 
Commission  for  the  Teaching  of  Mathematics. 

The  first  of  these  sessions  was  opened  by  an  address  of  wel- 
come by  the  chairman,  C.  Godfrey.  Thereupon,  an  address  on 
the  work  of  the  commission  was  delivered  by  David  Eugene 
Smith,  who  had  been  in  recent  conference  with  the  president  of 
the  commission,  Professor  Klein,  and  the  Central  Committee. 

"As  has  already  been  mentioned,  Professor  Klein,  to  whose 
great  energy  and  wisdom  the  success  of  the  International  Com- 
mission on  the  Teaching  of  Mathematics  is  largely  due,  is  un- 
able to  be  present,  on  account  of  illness.  It  was  my  privilege 
to  propose  to  the  delegates  at  our  meeting  on  Wednesday 
the  sending  of  a  telegram  to  Professor  Klein,  and  I  now  pro- 
pose the  same  message  to  Section  IV,  as  follows:  'The  Inter- 
national Commission  on  the  Teaching  of  Mathematics,  and  Sec- 
tion IV,  at  their  first  Cambridge  meeting,  express  regret  at  your 
absence  and  best  wishes  for  your  recovery."  ^ 

The  Commission  was  organized  for  the  purpose  of  reporting 
upon  the  present  status  of  the  teaching  of  mathematics  in  the 
various  countries  of  the  world.  Special  subcommittees  have  also 
been  appointed  from  time  to  time  to  consider  questions  of  in- 
ternational rather  than  merely  national  interest.  About  one 
hundred  and  fifty  reports  on  the  work  done  in  the  various  coun- 
tries have  been  prepared,  and  at  least  fifty  more  are  in  contem- 
plation. A  world-wide  interest  in  the  improvement  of  mathe- 
matical teaching  has  been  awakened,  and  the  influence  of  the 
movement  is  certain  to  be  very  far-reaching.  Ten  countries 
have  completed  the  task  set  for  themselves.  In  chronological 
order  of  completion  these  countries  are  Sweden,  Holland, 
France,  Switzerland,  Austria,  Japan,  the  United  States  of  Amer- 
ica, the  British  Isles,  Hungary,  and  Denmark.  In  process  of 
publication  is  the  monumental  work  of  Germany,  with  twenty- 
seven  out  of  thirty-six  reports  already  printed,  and  the  reports 
of  Italy,  Roumania,  Spain,  and  Russia.  In  contemplation  are 
the  reports  of  Greece,  Norway,  Australia,  Portugal,  Servia, 
and  doubtless  of  several  other  countries. 

As  to  the  future  work  of  the  Commission,  the  Central  Com- 
mittee earnestly  desires  that  it  be  authorized  to  see  to  the  com- 


^By  nnanimons  vote  the  telegram  was  duly  sent. 
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pletion  of  the  reports.  It  is  therefore  very  desirable  that  it  be 
continued  in  power,  both  for  this  purpose  and  for  the  considera- 
tion of  certain  questions  of  great  international  significance.  Such 
topics  as  the  proper  training  of  engineers,  of  calculus  in  the 
secondary  schools,  of  the  general  value  of  intuition  in  the  teach- 
ing of  mathematics,  of  the  training  of  teachers,  and  of  the  edu- 
cational (cultured,  disciplinary,  nontechnical)  value  of  math- 
ematics, may  properly  occupy  the  attention  of  the  Commission 
in  the  next  four  years.  Special  conferences  having  already 
been  held,  at  Brussels  and  Milan,  it  is  proposed,  if  the  Con- 
mittee  is  continued  in  power,  to  hold  others  between  now  and 
the  time  of  the  meeting  of  the  Congress  of  1916,  if  that  shall  be 
the  date.  Possibly  such  conferences  may  be  held  in  France  in 
1914,  in  Germany  in  191 5,  in  Stockholm  in  1916. 

It  is  also  hoped  that  each  country  will  prepare  a  summary 
of  the  large  features  of  the  reports  of  other  countries,  to  the 
end  that  the  work  that  has  been  accomplished  may  have  its  full 
effect.  It  is  further  hoped  that  the  various  countries  will  con- 
tinue the  financial  support  that  has  been  given  to  the  Central 
Committee  in  the  past. 

A  word  should  be  said  at  this  time  in  memory  of  those  distin- 
guished teachers  who  have  been  connected  with  the  movement, 
but  who  have  been  called  from  their  labors  to  solve  the  great 
problem.  Soon  after  the  last  Congress  adjourned,  Professor 
Vailati  of  Rome,  a  distinguished  writer  and  an  accomplished 
scholar,  passed  away.  Scarcely  in  his  full  prime  of  life,  his 
loss  is  felt  not  by  Italy  alone,  but  by  all  who  appreciate  schol- 
arship and  high  educational  standards.  Professor  Bovey,  presi- 
dent of  the  Imperial  Technical  College  at  South  Kensington, 
and  who  was  charged  with  the  labor  of  reporting  for  Canada, 
has  also  been  called  from  us.  In  his  death  the  world  lost  a 
scholar  and  an  administrator  qf  prominence.  And  as  he  was 
planning  to  attend  this  Congress,  four  weeks  ago  to-day,  Ge- 
heimrath  Professor  P.  Treutlein  of  Carlsruhe  passed  suddenly 
away.  In  his  death  Germany  lost  one  of  her  foremost  educators, 
and  the  International  Commission  one  of  its  best  supporters. 

We  shall  now  proceed  to  the  election  of  the  officers  for  the 
next  session,  and  then  to  the  reception  of  the  reports.  The  Cen- 
tral Committee  has  consulted  with  the  Committee  on  Organiza- 
tion and  it  has  been  decided  that  the  first  set  of  reports  shall  be 
presented  to  the  Library  of  the  University  of  Cambridge,  a  sec- 
ond set  to  our  official  hosts,  the  Cambridge  Philosophical  So- 
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ciety,  and  a  third  set  to  that  great  world  library,  the  Library  of 
the  British  Museum. 

The  General  Secretary  of  the  Commission  next  made  a  state- 
ment as  to  the  work  of  the  Central  Committee,  and  submitted 
its  collected  publications. 

Thereupon  the  reports  of  the  various  countries  were  formally 
submitted  to  the  Congress.  The  countries  were  called  in  alpha- 
betical order  in  the  French  language,  and  the  following  members 
of  the  commission  presented  the  reports,  with  a  brief  oral  de- 
scription, and  a  longer  written  statement,  which  will  be  pub- 
lished in  the  Proceedings  of  the  Congress,  and  in  the  official 
organ  of  the  commission,  UEnseignement  Mathematique.  The 
statement  accompanying  the  American  report  will  be  published 
in  School  Science  and  Mathematics^  the  official  American 
organ. 

Germany  Prof.  A.  Gutzmer (Halle)  Italy 

Austria.  .Prof.  E.  Czuber  (Vienna)  ...Prof.  G.  Castelnuovo  (Rome) 

Belgium  .Prin.  E.  Clevers  (Ghent)  Japan  ..Prof.  R.  Fujisawa  (Tokio) 

Denmark Prof.  H.  Fehr  Norway 

Spain Prof.  Toledo  (Madrid)  ...Prof.  M.  Alfsen  (Christiania) 

United  States  Portugal  

Prof.  J.  W.  A.  Young  (Chicago)  ...Prof.  F.  J.  Teixeira  (Oporto) 

France. .  .Prof.  C.  Bourlet  (Paris)  Roumania 

Greece  Prof.  H.  Fehr  . .  Prof.  G.  Tzitzeica  (Bucharest) 

Holland. Prof.  J.  Cardinaal  (Delft)  Russia  Prof.  H.  Fehr 

Hungary Sweden  Prof.  H.  Fehr 

Prof.  E.  Beke   (Budapest)  Switzerland  

British  Isles Prof.  H.  Fehr  (Geneva) 

Prof.  C.  S.  Jackson  (Woolwich) 

Also  the  following  associated  countries: 

Brazil  . .Prof.  E.  de  B.  R.  Gabaglia      Servia  

(Rio  de  Janeiro)  Prof.  M.  Petrovitch  (Belgrade) 

At  the  second  joint  session  of  Section  IVb  and  the  Interna- 
tional Commission  the  report  of  subcommission  B  on  "The 
mathematical  education  of  the  physicist  in  the  university,"  was 
presented  by  Professor  C.  Runge,  and  followed  by  a  lively  dis- 
cussion. 

At  the  last  joint  session  of  Section  IVb  and  the  International 
Commission  C.  (joldziher  presented  a  report  on  the  work  done 
by  David  Eugene  Smith  and  himself  toward  preparing  a  bibli- 
ography of  works  on  the  teaching  of  mathematics,  published 
since  1900.  (This  bibliography  is  about  to  be  published  by  the 
United  States  Bureau  of  Education  and  can  be  obtained  from 
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the  bureau  on  request).  Upon  motion  of  Professor  Smith  the 
following  resolution  was  passed: 

**Resolvedj  That  Section  IVb  of  the  International  Congress 
of  Mathematicians,  assembled  at  Cambridge,  expresses  its  thanks 
to  the  Honorable  the  United  States  Commissioner  of  Education 
for  his  great  interest  in  publishing,  for  free  distribution,  the 
recent  bibliography  on  the  teaching  of  mathematics  (1900-1912), 
and  the  hope  that  it  may,  through  his  good  offices,  be  brought 
to  completion  to  the  year  191 5,  with  such  additions  to  the  pres- 
ent list  as  may  seem  desirable." 

David  Eugene  Smith  then  presented  the  report  of  Subconi- 
mission  A  on :  Intuition  and  Experiment  in  Mathematical  Teach- 
ing in  Secondary  Schools.  The  presentation  of  the  report  was 
followed  by  an  extended  discussion.  This  report  will  be  pub- 
lished in  the  various  official  organs  named  above. 

In  the  other  sessions  of  Section  IVb  the  following  papers 
were  presented: 

Whitehead,  A.  N. :  The  principles  of  mathematics  in  relation 
to  elementary  teaching. 

Suppandschitch,  R. :  Le  raisonnement  logique  dans  Tenseigne- 
ment  mathematique  universitaire  et  secondaire. 

Hill,  M.  J.  M. :  The  teaching  of  the  theory  of  proportion. 

Hatzidakas,  N.:  Systematische  Recreationsmathematik  in  den 
mittleren  Schulen. 

Gerardin,  A. :  Sur  quelques  nouvelles  machines  algebriques. 

Carson,  G.  St,  L. :  The  place  of  deduction  in  elementary  me- 
chanics. 

Nunn,  T.  P.:  The  proper  scope  and  method  of  instruction  in 
the  calculus  in  schools. 

It  was  not  possible  to  secure  brief  abstracts  of  the  above 
papers  for  incorporation  in  this  report.  The  papers  will  be  pub- 
lished in  full  in  the  Proceedings  of  the  Congress,  and  elsewhere. 

This  account  of  the  Congress  would  be  lamentably  incomplete 
without  brief  mention  of  its  social  side.  First  of  all,  the  four 
official  receptions,  that  by  Sir  G.  H.  Darwin,  president  of  the 
Cambridge  Philosophical  Society,  in  St.  John's  College,  on 
Wednesday  evening;  that  by  Lord  Rayleigh,  chancellor  of  the 
University,  in  the  Fitzwilliam  Museum  on  Friday  evening;  that 
by  the  president  of  the  Congress  in  Christ's  College  on  Sunday 
afternoon ;  and  finally  that  by  the  master  and  fellows  of  Trinity 
College  on  Monday  evening.  These  brilliant  functions,  each  in 
a  unique  setting  with  a  charm  all  its  own,  will  remain  in  memory 
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as  pictures  not  to  be  forgotten.  Sunday  was  fittingly  closed 
with  an  organ  recital  in  King's  College  Chapel,  the  most  lus- 
trous of  air  of  Cambridge's  architectural  gems.  Visits  to  the 
Observatory  and  to  the  Cambridge  Scientific  works,  with  at- 
tendant teas,  excursions  ta  Ely,  to  Oxford,  and  to  Hatfield 
House,  were  temptations  that  caused  the  devotion  to  his  science 
of  more  than  one  mathematician  temporarily  to  waver.  Besides 
all  this  an  able  and  enterprising  committee  of  ladies  had  pre- 
pared for  the  ladies  of  the  Congress  a  most  attractive  series  of 
visits  to  the  colleges,  of  drives  and  teas  in  Cambridge  and  its 
environs,  and  of  excursions  to  various  points  of  interest  that 
seemed  to  leave  no  moment  without  something  tempting  to  do. 
Whether  viewed  from  the  social  side  or  from  the  mathematical 
side,  the  Congress  must  be  pronounced  a  complete  success. 

THE  REPORT  OF  THE  UNITED  STATES  OF  NORTH 

AMERICA. 

I.    Address  of  Presentation. 

The  American  report  has  already  been  published  in  full  and 
widely  circulated,  so  that  only  a  few  words  are  needed  in  mak- 
ing its  formal  presentation  to  the  Congress. 

The  report  consists  of  a  general  report  giving  a  bird's-eye 
view  of  the  entire  field  and  twelve  special  reports,  each  subdi- 
vided further,  giving  detailed  views  of  particular  fields  and  to- 
gether covering  the  entire  ground  of  mathematical  instruction 
in  the  United  States.  In  the  preparation  of  these  reports  nearly 
three  hundred  of  the  leading  mathematicians  and  teachers  of 
the  country  have  collaborated. 

The  excellent  preliminary  report  of  the  Central  Committee 
was  in  the  hands  of  all  as  sounding  the  keynote  and  giving  the 
general  program  of  the  work.  Accordingly,  the  reports  are 
essentially  descriptive  in  character,  giving  an  account  both  of 
actual  conditions  and  present-day  tendencies,  but  making  no 
attempt  to  provide  solutions  for  the  problems,  large  and  small, 
with  which  the  United  States  has  to  deal.  Naturally,  however, 
many  such  problems  have  been  mentioned  in  the  reports.  These 
latter  must  therefore  surely  prove  stimulating  and  helpful  to  our 
country  by  explicitly  bringing  the  conditions  and  needs  of  the 
entire  mathematical  field  to  the  simultaneous  attention  of  the 
whole  country  in  a  single,  systematic  presentation. 

Time  will  not  permit  me  to  speak  to-day  of  more  than  one 
of  the  problems  in  the  teaching  of  mathematics  which  the  United 
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States  now  confronts.  In  this  international  gathering  perhaps 
the  most  interesting  one  to  mention  is  one  springing  out  of  the 
exceptional  measure  of  freedom  which  American  educational 
institutions  enjoy.  There  are  in  the  United  States  thousands  of 
independent  centers  of  educational  authority,  each  legally  as 
free  to  treat  its  work  without  regard  to  any  other  or  to  any 
common  superior  as  are  England,  Russia,  and  Japan.  This 
absence  of  central  authority  and  legislation  with  its  attendant 
constraint  is  accompanied  by  a  corresponding  absence  of  central 
and  authoritative  study  of  problems  with  its  attendant  stimulus 
and  helpfulness.  How  to  secure  for  the  work  in  mathematics 
some  of  those  benefits  which  can  be  attained  only  by  concerted 
study  and  action  without  sacrificing  an  undue  measure  of  that 
local  liberty  which  the  spirit  of  the  country  demands  is  one  of  the 
most  serious  problems  now  confronting  the  United  States. 

Mr.  Chairman,  I  have  the  honor  now  formally  to  present  to 
the  Congress  the  Report  of  the  United  States  of  North  America. 

II.    Written  Sketch  of  American  Conditions. 

In  the  United  States  of  North  America  there  are  48  states, 
each  of  which  is  self-governing,  except  in  those  items  specially 
entrusted  to  the  central  government  by  the  constitution.  Among 
these  items  the  formation  and  administration  of  an  educational 
system  is  not  found.  Consequently  there  exists  no  national  au- 
thority in  educational  matters  in  the  United  States,  the  largest 
unit  of  authority  being  the  state.  That  there  are  not  forty-eight 
or  more  widely  different  educational  systems  in  the  country, 
that  a  large  measure  of  uniformity  does  exist  in  the  educational 
work  of  the  whole  country,  that  it  is  possible  to  speak  of  a  single 
educational  system  found  (with  local  variations)  throughout  the 
whole  country,  is  due  simply  to  the  homogeneity  of  thought  and 
life  of  the  country  and  not  to  any  constitutional  requirement. 

Normally  the  pupil  passes  in  order  through  the  following 
types  of  schools:  Kindergarten,  3  years  (age  at  entrance  3 
years)  ;  elementary  school,  8  years  (age  at  entrance  6  years) ; 
secondary  school,  4  years  (age  at  entrance  14  years)  ;  college  or 
institution  of  collegiate  rank,  four  years,  (age  at  entrance  18 
years)  ;  university  or  institution  of  university  rank,  3  or  more 
years  (age  at  entrance  22  years).  Generally  speaking,  the  com- 
pletion of  the  work  of  an  elementary  school  is  required  for  ad- 
mission to  a  secondary  school ;  similarly,  completion  of  the  work  of 
a  secondary  school  is  prerequisite  for  admission  to  an  institution 
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of  collegiate  rank,  and  finally  the  diploma  of  a  collegiate  institu- 
tion is  the  basis  of  formal  admission  to  university  work.  There 
is  practically  but  one  type  of  the  elementary  school,  which  is  the 
common  basis  for  all  subsequent  work.  In  the  other  institutions 
there  are  various  types  and  curricula,  but  generally  speaking  it 
is  possible  to  pass  (with  more  or  less  supplementary  work) 
from  any  type  of  secondary  school  to  any  collegiate  institution 
and  thence  to  any  university,  or  to  change  from  one  type  of  in- 
stitution or  curriculum  to  another  while  passing  through  it. 

One  of  the  gravest  problems  of  American  instruction  in  math- 
ematics, from  the  lowest  to  the  highest,  is  that  of  the  adequate 
preparation  of  the  teachers.  This  is,  of  course,  more  or  less  of 
a  problem  everywhere,  but  the  peculiar  difficulty  of  American 
conditions  will  appear  from  a  study  of  our  reports.  Suddenly, 
within  less  than  two  generations,  a  nation  has  been'  confronted 
with  the  demand  for  universal  education.  This  demand  would 
be  serious  enough  with  a  population  that  was  static  as  to  num- 
bers or  static  as  to  residence ;  but  when  the  population  has  been 
multiplied  by  three,  when  children  have  been  continually  chang- 
ing from  place  to  place,  when  the  school  has  had  to  teach  not 
only  mathematics  but  also  conversational  English  to  the  children 
of  a  million  immigrants  a  year,  when  the  country  has  had  not 
only  to  maintain  its  schoolhouses  on  the  original  territory  but 
to  provide  for  a  million  square  miles  besides,  and  when  the  in- 
crease in  trade,  in  manufacture,  anrd  in  wealth  in  general  has 
been  such  as  to  draw  its  most  active  men  into  business,  the 
solution  of  the  educational  problem  has  not  been  a  simple  one. 
Since  the  best  type  of  men  could  not  be  secured  in  any  consid- 
erable number,  owing  to  the  financial  opportunities  offered  by 
a  new  country,  since  teaching  was  one  of  the  few  financial  open- 
ings for  women,  and  since  in  the  earlier  school  years  the  work  of 
the  woman  is  more  satisfactory  than  that  of  the  man,  there  has 
come  about  a  state  of  affairs  not  to  be  found  in  any  of  the  older 
countries.  To-day  four  fifths  of  the  teachers  in  our  elementary 
schools  are  women,  and  only  a  relatively  small  number  remain 
in  the  profession  more  than  a  few  years.  The  problem  of  train- 
ing such  an  army  of  women  teachers,  most  of  whom  remain  in 
the  schools  but  a  relatively  short  time,  has  been  and  is  one  of 
great  difficulty,  and  its  influence  upon  American  education  in 
general  and  upon  elementary  mathematics  in  particular  is 
serious. 

The  question  of  improving  the  work  in  arithmetic  has  been 
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much  agitated  during  recent  years,  and  this  agitation  has  led  to 
several  good  results.  In  the  first  place,  the  past  quarter  of  a 
century  has  seen  a  weeding  out  of  most  of  the  obsolete  applica- 
tions of  arithmetic.  To-day  it  must  be  said  for  the  subject  that 
a  large  per  cent  of  the  problem  material  represents  modern  con- 
ditions of  life,  and  is  of  a  sufficiently  varied  character  to  meet 
the  reasonable  needs  of  all  classes. 

A  second  improvement  of  great  importance  has  resulted  from 
the  consideration  of  child  psychology.  Apart  from  details  of 
no  particular  significance,  one  feature  stands  out  prominently — 
that  the  subject  matter  of  arithmetic  is  better  arranged  than 
formerly  to  arouse  the  interest  and  to  meet  the  immediate  needs 
of  a  child. 

A  third  point  worthy  of  mention  is  the  growiiig  recognition 
of  the  fact  that  no  text-book  can  meet  all  local  conditions  with 
respect  to  appropriate  material  for  problems.  Teachers  are  rec- 
ognizing the  value  of  themselves  securing  practical  problems 
that  represent  the  industries  of  their  respective  localities,  both 
for  the  interest  that  they  have  for  the  pupils  and  for  their  value 
in  the  life  of  the  community.  With  the  abandonment  of  a  num- 
ber of  obsolete  topics  during  the  past  quarter  of  a  century  has 
come  the  possibility  of  reducing  the  time  devoted  to  arithmetic, 
of  supplying  other  topics  of  the  modern  business  world,  or  of 
taking  advantage  of  this  saving  of  time  by  introducing  a  year 
of  algebra  and  geometry.  As  a  matter  of  fact,  all  three  of  these 
results  have  been  partly  attained. 

The  rapid  growth  of  industry  in  recent  years  has  had  its  ef- 
fect upon  the  mathematics  of  the  elementary  schools,  chiefly  in 
respect  to  the  nature  of  the  topics  and  problems  in  the  last  two 
years  (the  seventh  and  eighth  grades).  The  early  occupations 
of  the  people  of  the  country  were  agriculture  and  retail  trade, 
and  the  topics  of  arithmetic  were  selected  accordingly.  At  pres- 
ent the  urban  population  is  increasing  much  more  rapidly  than 
the  rural,  and  industry  has  come  to  be  controlled  by  large  cor- 
porations. As  a  result,  the  agricultural  problem  is  less  in  vc^e, 
and  the  problem  of  the  city  and  industrial  type  is  more  promi- 
nent. 

The  secondary  schools  of  the  United  States  may  be  classified 
as  general  and  technical,  the  former  having  general  culture  as 
their  primary  aim,  while  the  latter  aim  to  prepare  more  or  less 
directly  and  completely  for  certain  occupations.  As  the  tech- 
nical schools  have  arisen  largely  during  the  past  decade  only. 


Digitized  by  LjOOQIC 


CONGRESS   OF  MATHEMATICIANS  713 

and  are  of  the  most  varied  character,  their  diverse  curricula  are 
as  yet  in  the  earliest  stages  of  their  evolution,  and  the  problem 
of  the  modification  of  the  work  in  mathematics  as  found  in  the 
general  schools,  so  as  to  adapt  it  more  effectively  to  the  pur- 
poses of  the  various  types  of  technical  schools,  is  one  that  now 
calls  for  careful  study. 

The  last  few  decades  have  witnessed  no  thoroughgoing  re- 
modeling throughout  the  United  States  of  the  secondary  cur- 
riculum in  mathematics  at  all  comparable  with  those  that  have 
taken  place  in  several  European  countries.  A  great  interest  in 
improving  the  work  in  mathematics  has  recently  been  aroused, 
however,  due  in  no  small  degree  to  the  world  agitation  of  the 
International  Commission. 

The  curriculum  in  mathematics  in  secondary  institutions  with 
a  full  course  of  four  years  varies  but  little  in  the  great  majority 
of  cases  from  the  following  average: 

First  year:  First  course  in  algebra. 

Second  year:  Plane  geometry  begun  and  completed. 

Third  year:  First  half  year,  second  course  in  algebra  (through 
quadratics).  Second  half  year,  solid  geometry  begun  and  com- 
pleted. 

Fourth  year:  First  half  year,  third  course  in  algebra;  second 
half  year,  plane  trigonometry. 

The  courses  of  the  first  two  years  are  usually  required,  the 
rest  is  usually  elective. 

Marked  tendencies  to  change  the  curriculum  in  various  de- 
tails are  distinctly  noticeable  in  the  country,  and  seem  to  be 
gaining  in  strength.  Thus,  there  are  tendencies  to  omit  geo- 
metric proofs  that  are  either  obvious  or  too  difficult ;  to  transfer 
the  more  difficult  portions  of  the  algebraic  matter  hitherto  given 
in  the  first  year  to  a  later  year ;  to  avoid  algebraic  manipulations 
of  greater  complexity  than  is  requisite  to  prepare  pupils  thor- 
oughly for  the  work  that  lies  beyond ;  to  give  more  prominence 
to  the  equation;  and  to  introduce  more  problems  from  physics 
and  other  sciences  and  from  practical  life. 

It  has  been  proposed  to  redistribute  the  subject  matter  of 
algebra  and  geometry  as  now  taught  in  the  secondary  schools 
(without  altering  either  the  ground  ultimately  covered  or  the 
total  amount  of  the  time  given  to  mathematics)  so  that  algebra 
and  geometry  should  be  taught  simultaneously  during  the  years 
in  which  they  are  now  taught  successively.  This  question,  the 
answer  to  which  depends  largely  upon  the  preparation  of  teach- 
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ers  and  other  local  conditions,  should  have  serious  consideration 
in  the  near  future. 

It  has  been  suggested  that  with  a  little  enrichment  of  colle- 
giate instruction  it  would  be  possible  to  require  the  following 
minimum  preparation  for  teaching  in  the  secondary  schools: 

(a)  Trigonometry,  college  algebra,  analytic  geometry. 

(b)  Surveying,  or  descriptive  geometry,  or  elementary  astron- 
omy. 

(c)  The  differential  and  integral  calculus  with  applications  to 
geometry,  mechanics,  and  physics. 

(d)  Modern  geometry. 

(e)  The  elements  of  analytic  mechanics. 

(f)  The  elements  of  theoretic  and  laboratory  physics. 

(g)  Algebra  from  a  modern  standpoint. 

(h)  One  or  more  courses  introductory  to  important  fields  of 
modern  mathematics. 

(i)  One  or  more  courses  in  the  history  of  mathematics. 

(j)  One  or  more  courses  on  the  teaching  of  mathematics. 

The  requirements  in  mathematics  with  which  all  pupils  who 
are  to  be  admitted  to  the  better  colleges  and  technological  schools 
of  the  country  are  to-day  obliged  to  conform  are  elementary 
algebra  through  quadratic  equations,  plane  geometry,  and  some- 
times solid  geometry.  In  the  first  collegiate  year,  additional 
algebra,  trigonometry,  and  analytic  geometry  are  usually  success- 
ively taught.  In  the  first  course  in  the  calculus,  generally  taken 
in  the  second  year,  the  integral  as  the  limit  of  a  sum  is  intro- 
duced at  an  early  stage,  and  numerous  applications  of  the  cal- 
culus to  centers  of  gravity,  moments  of  inertia,  fluid  pressures, 
attractions,  kinetic  energy,  catenaries  and  arches,  strings  on 
rough  surfaces,  and  the  dynamics  of  a  particle,  as  well  as  to 
the  traditional  subject  of  curves  and  surfaces — differential  geom- 
etry— are  taken  up.  It  is  in  the  course  in  the  calculus  that  the 
convergence  of  infinite  series  and  the  application  of  power  series 
to  computation  and  to  the  development  of  functions  are  treated. 
This  work  is  generally  elective  save  in  schools  of  engineering. 
The  elective  courses  also  include  those  courses  which  are  usually 
taken  just  after  the  first  course  in  the  calculus  or  simultaneously 
with  it,  namely:  (a)  Modem  geometry;  (b)  mechanics;  (c) 
second  course  in  the  calculus;  (d)  differential  equations;  (e) 
determinants  and  the  theory  of  equations.  To  these  may  be 
idded   descriotive   geometry   and   surveying.      In   technological 
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schools  some  of  these  courses  are  prescribed  for  certain  classes 
of  students. 

The  purpose  of  advanced  instruction  has  been  well  defined 
as  fourfold: 

I.    To  impart  knowledge. 
II.     To  develop  power  and  individual  initiative. 

III.  To  lead  the  student  to  express  adequately  and  clearly 
what  he  knows. 

IV.  To  awaken  the  love  of  knowledge  and  to  impart  schol- 
arly ideals. 

Probably  the  advanced  instruction  of  this  country  is  strongest 
at  the  present  time  in  meeting  the  first  of  these  requirements.  The 
others  are  not,  however,  wanting. 

The  requirements  for  the  master's  degree  almost  invariably 
consist  in  at  least  one  year's  work  beyond  a  bachelor's  degree 
granted  by  an  institution  of  good  standing.  The  work  must  be 
largely  in  one  field,  as,  for  example,  in  mathematics. 

For  the  doctor's  degree  a  distinctly  higher  requirement  is  en- 
forced. In  all  American  universities  of  good  standing  it  is  dis- 
tinctly a  research  degree.  In  several  of  the  stronger  universities 
it  has  a  standard  at  least  as  high  as  the  best  European  standards. 


TDfE  AND  SPACE— A  SPECULATION. 

By  Arthur  E.  Haynes, 
University  of  Minnesota, 

Time  is  said  to  be  divided  into  the  past,  the  present,  and  the  future.  It 
seems  to  me,  however,  that  the  present  is  not  a  division  of  time  at  all, 
but  that  it  is  simply  the  boundary  between  the  past  and  the  future. 

"A  limited  portion  of  duration"  is  one  of  the  definitions  of  time,  but 
a  limited  portion  must  have  boundaries ;  these  boundaries,  or  limits,  greatly 
vary,  so  it  is  manifest  that  time  does  not  always  involve  the  idea  of  the 
same  amount  of  duration;  in  other  words,  time  may  mean  any  one  of  an 
infinite  number  of  different  periods  of  duration,  for  example:  a  century, 
a  year,  a  month,  a  week,  a  day,  an  hour,  a  minute,  a  second,  etc.  When 
the  limits  of  time  are  removed  it  becomes  eternity. 

Eternity  extends  infinitely  back  into  the  past,  and  infinitely  forward  into 
the  future.  The  present  is  not  time;  it  is  the  point  from  which  we 
reckon  duration  in  opposite  directions  to  infinite  extent  The  present  is 
not  a  fixed  point,  however,  for  while  we  think  of  it  it  is  gone;  it  has 
instantly  changed  its  position  and  lies  in  what  was  a  part  of  the  boundless 
ocean  of  the  future. 

The  present  always  moves  forward  and  not  backward;  what  was  in  the 
present  an  instant  ago  is  now  in  the  past ;  it  can  never  be  in  the  future. 

We  cannot  conceive  of  either  eternity  or  the  universe  as  having  limi- 
tations.    The  astronomer  has  boldly  attempted  to  measure  the  infinite 
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depths  of  space.  To  do  this  he  uses  as  a  measuring  unit  the  inconceivable 
distance  light  travels  in  one  year,  at  the  rate  of  over  186,000  miles  per 
second — ^the  so-called  "light  year."  He  shows  that  some  of  the  stars  are 
60  deeply  bedded  in  this  illimitable  ocean  of  space  that  the  light  from 
them  takes  thousands  upon  thousands  of  years  to  reach  us! 

No  more  can  one  sound  the  mighty  depths  of  eternity.  As  time  in- 
volves the  ideas  of  present,  past,  and  future,  so  space  involves  the  ideas  of 
point,  line,  and  surface.  Like  as  time  may  be  said  to  be  a  finite  portion 
of  eternity,  so  space  may  be  said  to  be  a  finite  portion  of  an  infinite 
magnitude. 

The  "mighty  angel"  in  Revelation  is  represented  as  standing  with  one 
foot  upon  the  sea  and  the  other  upon  the  earth,  and  with  uplifted  hand, 
solemnly  declaring  "by  him  that  liveth  forever  and  ever"  ....  "that 
there  should  be  time  no  longer."  I  am  led  sometimes  to  wonder  when 
that  period,  comes,  if  we  shall  think  in  eternities  and,  likewise,  in  infinities 
of  space. 

Our  wonderful  science  of  mathematics  is  based  upon  the  relations  of 
time  and  space. 

*  What  shall  it  become  when  the  mathematician  shall  be  able  to  think  in 
terms  which  are  infinite?  His  most  magnificent  dreams  in  this  life  may 
become  the  most  sublime  realities  in  the  unending  life  before  him  1  What 
splendid  visions  of  the  power  and  wisdom  of  God  await  his  expanding 
mind,  no  man  can  even  imagine  or  foretell ! 


MONAZITE  AND  ZIEOON. 

Monazite  and  zircon  are  minerals  containing  rare-earth  metals,  whose 
properties  on  becoming  incandescent  when  heated  render  them  valuable  in 
certain  forms  of  gas  and  electric  lights.  Monazite  is  employed  in  the  man- 
ufacture of  incandescent  gas-light  mantles  of  the  Welsbach  type,  and  the 
oxide  obtained  from  zircon  enters  into  the  composition  of  the  glower  of 
the  Nemst  electric  light.  Both  minerals  are  found  in  the  United  States 
and  have  been  produced  to  a  considerable  extent.  During  1911,  according 
to  Douglas  B.  Sterrett,  of  the  United  States  Geological  Survey,  no  mona- 
zite was  marketed,  although  13,132  pounds  of  crude  sand  or  "ore"  is 
reported  as  mined  in  North  Carolina  and  South  Carolina. 

Zircon  was  produced  in  1911  to  the  amount  of  3,298  pounds,  valued  at 
$802.00. 


TITANIUM  AND  ALLOYS  OF  STEEL. 

Much  experimenting  with  various  alloys  of  steel  has  been  carried  on 
by  railroads  and  rolling-mill  operators  to  produce  a  rail  that  will  give 
more  satisfactory  service  than  the  ordinary  rail  now  in  use.  One  of  the 
principal  metals  used  in  these  experiments,  according  to  the  United  States 
Geological  Survey,  is  titanium.  More  than  250,000  long  tons  of  r^ils  were 
rolled  in  1910  from  steel  to  which  ferro-titanium  had  been  added.  More 
than  150,000  tons  of  steel  rails  in  which  nickel  or  nickel  and  chromium 
were  used  as  alloy  were  also  made  during  1910,  and  experiments  were 
made  with  about  80,000  tons  of  steel  rails  in  which  chromium,  manganese, 
vanadium,  and  other  metals  were  used.  Certain  steel  makers,  according 
to  the  Survey,  are  now  advertising  titanium  steel,  claiming  that  although 
no  titanium  is  left  in  the  steel,  the  removal  of  gases  and  impurities  effected 
by  it  greatly  increases  the  good  quality  of  the  steel. 
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THE  PACIFIC  COAST  ASSOCIATION  OF  CHEMISTEY  AND 
PHYSICS  TEACHERS. 

The  annual  meeting  of  this  association  was  held  Wednesday,  July  31, 
1912,  at  Berkeley,  Cal.,  in  the  Chemistry  Building  of  the  University  of. 
California.  The  meeting  was  called  to  order  at  2  P.  M.  by  the  president, 
Professor  C.  T.  Wright  of  the  University  of  California.  ^ 

The  officers  elected  for  the  ensuing  year  are: 

President,  Wm.  H.  Williams,  Fremont  High  School,  Oakland,  Cal. 

Vice-President,  Clara  Shira,  College  City,  Cal. 

Secretary-Treasurer,  B.  A.  Perkins,  Berkeley  High  School,  Berkeley, 
Cal. 

Mr.  S.  E.  Coleman  of  the  Oakland  high  school  read  a  paper  on  "The 
Older  Natural  Philosophy  in  the  Light  of  Modem  Standards." 

Professor  John  D.  Clark  of  the  University  of  New  Mexico  gave  a 
model  "Fire  Day"  demonstration  and  lecture,  which  proved  very  inter- 
esting. The  speaker,  after  discussing  the  reason  for  the  establishment 
of  "fire  days"  in  many  states,  carried  on  his  lecture  as  if  addressed  to 
school  students.  He  did  not  attempt  to  show  all  possible  causes  of  fire 
but  rather  to  give  examples  of  each  type  of  fire  and  to  show  the  manner 
of  extinguishing  them.    Following  is  a  written  outline  of  his  lecture : 

CAUSES  OF  FIRE: 

1.  Direct  Ignition — 

While  lecturer  is  speaking  an  electric  fan  blows  paper  streamers  into 
the  flame  of  a  Bunsen  burner. 

2.  Faint  but  Prolonged  Heat — 

(a)    Folded  cloth  placed  on  an  electrically  heated  hot  plate, 
.(b)    An  electric  light  bulb  packed  with  cotton  and  placed  in  a  glass  jar 
or  beaker. 

3.  Spontaneous  Heating — 

(a)  Germinating  seeds.  The  bulb  of  a  very  large  thermometer  is  placed 
inside  of  a  good  sized  Dewar  bulb  and  the  whole  Dewar  bulb  filled  with 
seed  which  has  soaked  in  water  and  is  ready  to  germinate.  A  plug  of 
cotton  closes  the  mouth  of  the  Dewar  bulb.  A  placard  is  made  showing- 
the  temperature  at  which  the  thermometer  stood  when  packed  in  the  wet 
seed  and  space  left  on  the  card  to  register  the  temperature  later  read. 

(b)  Heat  of  slow  oxidation.  Perfectly  dry  cloth  has  about  an  ounce  of 
warm  boiled  linseed  oil  onto  it  and  the  cloth  rolled  up  tightly  into  the 
form  of  a  cylinder  which  is  about  ten  inches  long  and  three  inches  in 
diameter.  If  this  roll  be  kept  perfectly  dry  and  at  a  temperature  of 
70-80**F,  it  will  be  hot  enough  inside  to  char  the  cloth  or  cause  it  to  burst 
into  flame,  at  the  end  of  five  of  six  hours. 

(c)  Heat  from  absorption  of  gases.  A  jet  of  hydrogen  is  directed 
onto  a  platinum  sponge  and  the  heat  of  the  occlusion  ignites  the  jet. 
This  is  shown  to  illustrate  how  the  heat  from  the  absorption  of  oxygen 
may  set  fire  to  piles  of  charcoal,  to  coal  piles  and  to  sawdust  dumps. 

4.  Spontaneous  ignition.  To  illustrate  the  conditions  of  spontaneous 
ignition. 

(a)  A  solution  of  yellow  phosphorus  in  carbon  bisulphide  is  poured 
onto  a  piece  of  paper  and  the  paper  soon  bursts  into  flame. 

(b)  Phosphene  prepared  from  yellow  phosphorus  and  sodium  hydrox- 
ide is  allowed  to  ignite  as  it  comes  up  through  water  contained  in  a  glass 
cylinder. 
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5.  Explosions-^ 

(a)  By  electrolysis  of  water  a  liter  flask  is  filled  with  a  mixture  of 
hydrogen  and  oxygen  and  is  stoppered  with  a  rubber  cork  which  has  two 
copper  wires  through  it  to  act  as  electrodes.  This  flask  is  covered  with 
a  small  wooden  box.  This  small  box  is  covered  with  a  more  substantial 
box,  and  the  second  box  is  covered  by  a  third,  this  last  being  very 
substantial.  A  iHolent  explosion  which  wrecks  both  the  smaller  boxes  is 
produced  by  the  spark  from  a  coil  or  from  a  Holtz  machine. 

(b)  Explosions  of  mixtures  of  heavy  gases  and  air.  A  good-sized 
aspirator  bottle  is  filled  with  the  vapor  of  carbon  bisulphide.  When  the 
bottle  is  opened  at  both  necks  this  vapor  flows  downward  into  a  glass 
cylinder  and  is  exploded  by  the  use  of  a  match. 

(c)  Explosions  of  mixtures  of  light  gases  and  air.  A  good  sized 
aspirator  bottle  is  filled  with  hydrogen.  When  the  bottle  is  opened  at 
both  necks  this  hydrogen  flows  upward  into  a  cylinder  and  is  exploded 
by  the  use  of  a  match. 

6.  Electric  Sparks — 

:  (a)  A  spark  is  passed  into  a  gas  mixture  contained  in  a  eudiometer, 
(b)  A  small  piece  of  fuse  wire  is  burned  by  use  of  a  heavy  current. 
.7.    Chemical  Reaction — 

Reference  is  made  to  the  almost  endless  number  of  chemical  reactions 
which  produce  flame  or  a  temperature  sufficiently  high  to  cause  substances 
to  ignite. 

(a)  The  bulb  of  a  very  large  thermometer  is  protected  by  a  test  tube 
and  this  tube  is  packed  in  lime.  When  the  lime  slakes  the  mercury  in  the 
thermometer  rapidly  rises. 

(b)  Two  substances  which  everyone  has  seen  and  with  which  everyone 
seems  at  least  somewhat  familiar:  turpentine  and  iodine,  are  cautiously 
put  together  to  show  that  chemicals  are  dangerous  substances  and  that 
we  should  use  the  greatest  care  in  handling  those  whose  properties  we  dp 
not  know. 

8.    Pressure,  Friction,  Shocks,  etc. 
(a)     The  rubbing  of  two  pieces  of  wood. 
'  (b)     The  flint  and  steel. 

(c)  A  spark  from  a  glass  rod,  or  other  charged  substance  igniting 
gasoline  vapor. 

*9.    Focused  Rays. — 

(a)  The  burning  glass. 

(b)  Air  bubbles  in  glass  objects. 

(c)  Hollow  glassware. 

Two  Very  Common  Causes  of  Fires: 

1.  Lighting  Fires  with  Kerosene. — 

(a)  The  great  danger  of  pouring  kerosene  into  a  stove  in  which  there 
is  no  blaze.  A  pan  is  heated  and  into  it  some  kerosene  is  poured  and 
the  mixture  of  air  and  kerosene  vapor  which  forms  is  exploded  by  the  use 
of  a  match. 

.  (b)  The  lesser  danger  of  pouring  kerosene  into  a  stove  in  which 
there  is  a  blaze.  A  piece  of  cotton  saturated  with  kerosene  is  set  afire 
inside  of  a  pan.  A  test  tube  full  of  kerosene  is  poured  into  this  fire  and 
no  explosion  results. 

2.  Glowing  Matches,  Cigar  or  Cigarette  Stubs  in  Rubbish. 

A  wooden  box  filled  with  paper  is  behind  the  lecture  table.  An  assistant 
pours  a  solution  of  yellow  phosphorus  in  carbon  bisulphide  onto  the  paper 
and  places  the  box  on  the  lecture  table.  The  lecturer  lights  a  match, 
blows  it  out,  and  throws  the  burned  match  into  the  box.    At  the  end  oi 
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a  few  minutes  the  contents  of  the  box  are  on  fire  apparently  ignited  by  the 
supposedly  extinguished  match. 
Conditions  which  Maintain  Fire: 

1.  Oxygen.    A  glowing  stick  is  placed  in  a  jar  of  oxygen. 

2.  Maintenance  of  a  kindling  temperature.    Not  demonstrated. 

3.  Removal  of  the  products  of  combustion.  A  smoking  kerosene  lamp 
has  the  smoke  confined  in  the  chimney  and  at  once  goes  out 

METHODS  OF  EXTINGUISHING  FIRES: 

1.  Shutting  off  supply  of  oxygen. 

(a)  The  woman  who  gets  her  clothes  on  fire  and  who  runs  out  into 
the  air  is  shown  by  saturating  a  roll  of  cloth  with  kerosene  and  waving 
the  burning  cloth  Uirough  the  air. 

(b)  The  calm»  cool-headed  woman  who  wraps  herself  in  a  rug  or 
blanket,  is  seen  when  a  towel  at  once  extinguishes  the  burning  cloth. 

2.  Removing  Kindling  Temperature. 
The  use  of  water  on  a  fire. 

3.  Choking  the  fire  by  means  of  a  gas  which  won't  support  combustion, 
(a)    The  principle  of  the  small  three  gallon  fire  extinguisher  is  shown 

by  putting  some  soda  in  a  wide  mouth  bottle,  and  stoppering  this  with 
a  two  hole  stopper,  one  hole  being  connected  with  a  tube  which  leads  to 
a  cylinder  containing  a  burning  candle,  the  other  hole  containing  a  test 
tube  full  of  acid.  The  bottom  of  the  test  tube  is  punched  out  with  the 
end  of  a  file,  a  stopper  inserted  in  the  test  tube»  and  the  carbon  dioxide 
produced  extinguishes  the  candle. 
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TEACHEBS. 

The  twelfth  meeting  of  the  Central  Association  of  Science  and  Mathe- 
matics Teachers  will  be  held  at  the  Northwestern  University,  Evanston, 
on  Friday  and  Saturday,  November  29  and  30.  The  Great  Northern 
Hotel,  Chicago,  has  been  selected  as  headquarters  for  out  of  Chicago  mem- 
bers and  friends. 

The  addresses  at  the  general  sessions  will  be  given  by  Professor  W.  C. 
Bagley  of  the  University  of  Illinois  and  Carroll  G.  Pearse,  Superintendent 
of  Public  Schools,  Milwaukee,  Wisconsin.  They  will  discuss  some  of 
the  important  phases  of  present-day  educational  problems. 

The  programs  of  the  five  sections  contain  the  names  of  many  of  the 
prominent  educators  of  the  Middle  West  and  provide  for  many  reports 
and  discussions  of  a  practical  nature  which  will  prove  of  great  interest 
and  value  to  teachers  of  science  and  mathematics.  The  program  of  the 
meeting  will  be  printed  and  distributed  within  a  few  days. 

Persons  engaged  in  teaching  science  or  mathematics,  or  in  superintend- 
ing such  teaching  are  eligible  for  membership.  All  such  persons  are  in- 
vited to  join  the  association.  Annual  dues,  $2.50.  In  addition  to  member- 
ship each  person  will  receive  without  further  cost  the  monthly  official 
journal,  Schooi^  Science  and  Mathematics,  and  a  copy  of  the  Proceed- 
ings, at  the  same  time  having  all  the  advantages  which  come  to  one  who 
is  a  member  of  a  great  and  active  association  as  this. 

Address  all  communications  to  the  Secretary-Treasurer,  C.  E.  Spicer, 
100  Sherman  Street,  Joliet,  111. 
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PROBLEM  DEFABTMENT. 

By  E.  L.  Bkown, 
Principal  North  Side  High  School,  Denver,  Colo. 

Readers  of  this  magazine  are  invited  to  send  solutions  of  the  problems 
in  which  they  are  interested.  Problems  and  solutions  will  be  duly  credited 
to  their  authors.  Address  all  communications  to  E.  L.  Brown,  3435  Al- 
cott  Street,  Denver,  Colo. 

Algebra. 

297.  Proposed  by  Daniel  Kreth,  Oxford,  Iowa. 

In  what  time  will  the  compound  interest  on  any  principal  at  4%  equal 
the  simple  interest  at  6%? 

Solution  by  A.  M.  Harding,  Payetteville,  Ark.,  and  C.  H.  Stoutenburgh, 
Trenton,  N.  J. 

I^et  ««ssnumber  of  years. 

Then  1.04*— 1  +  .06«, 

orl  +  «(.04)-f-^^^^^^+ =  l  +  .06«. 

From  this  equation  we  find  that  «=20+;r,  where  ^  is  a  decimal  fraction. 
Then  (1.04)»  (l+.04jir)  =  l+l.ZO+.Odr; 
or  2.19115  -h  .087646jr  =  2.20  -f  .06;r; 

.02764dr  =  .00885. 

.-.  ;r  =  .32+,  and  n  =  20.32. 

298.  Proposed  by  J.  L.  Orr,  Birmingham,  Ala, 

A  man,  standing  on  the  rear  end  of  a  moving  train,  counts  rail  joints. 
When  will  the  number  of  seconds  or  this  count  equal  the  speed  of  the 
train  in  miles  per  hour? 

Solution  by  Philip  Pitch,  Denver,  Colo.,  and  L.  L.  Harding,  Suffield, 
Conn. 

Let  /alength  of  rail  in  feet, 

z«:speed  of  train  in  miles  per  hour, 

ff ^number  of  joints  counted, 

/snumber  of  seconds  recorded  during  the  count. 

nl 
Then  -j-  ^  speed  in  feet  per  second; 

Also  }lz/=speed  in  feet  per  second. 

.    nl      llv      ..  ,,    -., 

.-.  y  =  -y-.     If  »=z/,  ^if/. 

Hence  speed  of  train  in  miles  per  hour  is  the  number  of  rail  joints 
passed  in  \\  I  seconds  —  roughly,  two  thirds  of  the  number  of  joints 
passed  in  /  seconds. 

299.  Proposed  by  Henry  A.  Levy,  Houghton,  Mich. 

Find  the  value  of  the  undetermined  coefficients  in  the  expansion : 
(4!)«  _    1  64       .      216  64  1 

«8(«+l)8. . .  («+4)8 "■  «»       («+l)«  "*"  {n-\-2)^      («+3)«  "^  («+ 4)» 

_, A  B 90_ , C 

"^  «(«+!)... («+4)  "*■  «(«+!).. .(«+3)       n(n+l)[n+2)  "*"  »»(«+l)«...(«+4)» 

^««(«4-l)«...(«+3)«^ ««(«+!)«  («-f2)«^««(«+l)«^««(«-f4)« 
No  solution  received. 
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Oeometry. 

300.  Proposed  by  C.  H.  Stoutenburgh,  Trenton,  N,  /. 

From  a  square  construct  a  regular  octagon  by  cutting  off  each  corner. 
Prove  the  construction. 

I.  Solution  by  Norman  Anning,  North  Bend,  B,  C,  and  L,  E.  A.  Ling, 
La  Grange,  III. 

To  construct  a  regular  octagon  from  a  square,  about  each  comer  as 
center  describe  a  quadrant  of  a  circle  passing  through  the  center  of  the 
square.  These  quadrants  cut  the  sides  in  the  vertices  of  the  required 
octagon. 

To  prove  that  the  resulting  figure  is  a  regular  octagon  we  must  show 
that  ail  its  sides  are  equal  and  all  its  angles  those  of  a  regular  octagon 
(135°).  If  we  show  that  two  adjacent  sides  are  equal  and  that  one  angle 
has  this  value  the  rest  will  follow  from  the  symmetry  of  the  figure. 

Each  angle  is  supplementary  to  the  acute  angle  of  a  right-angled  isosceles 
triangle  and  is  consequently  }  of  a  right  angle. 

If  the  diagonal  of  the  square  is  2  the  side  will  be  V2,  and  any  one  of  the 

"corner"  triangles  will  have  for  sides  V2  —  1,  V2'—  1  and  V2  (V2'—  1). 
The  part  of  any  side  of  the  square  left  after  the  two  corners  have  been 
cut  off  is 

|/T— 2(1/2"— l) 

=2— |/F=i/2"(i/2"— 1) . 

Hence  any  two  adjacent  sides  of  the  figure  are  equal.  It  is  consequently 
a  regular  octagon. 

II.  Solution  by  Elmer  Schuyler,  Brooklyn,  N,  Y,,  and  G.  L  Hopkins, 
Manchester,  N.  H. 

Inscribe  a  circle  and  draw  the  diagonals  AC  and  BD.  These  diagonals 
intersect  in  O,  the  center  of  the  circle.  At  the  points  where  the  diagonals 
intersect  the  circle  draw  tangents,  intersecting  the  sides  of  the  square. 
These  tangents  together  with  their  intercepts  on  the  sides  of  the  square 
form  a  regular  octagon.  Being  measured  by  equal  arcs  the  angles  of  this 
octagon  are  equal,  and  an  equiangular  polygon  circumscribed  about  a  circle 
is  regular. 

III.  Solution  by  W,  S.  Cawthorn,  Pensacola,  Fla, 

Let  A  B  C  D  be  the  given  square.  About  .this  circumscribe^  a  circle. 
Let  E,  F,  G,  H  be  the  mid-points  of  the  arcs  CD,  DA,  AB,*  BC,  re- 
spectively. The  chords  EF,  FG,  GH,  HE  intersect  the  sides  of  the  square 
in  points  which  are  the  vertices  of  a  regular  octagon.  Let  the  chord 
FG  intersect  the  sides  AB  and  AD  in  the  points  N  and  M,  respectively; 
also  let  the  chord  GH  intersect  the  sides  AB  and  BC  in  the  points  O 
and  P,  respectively.    Join  B,  G. 

In  the  triangle  BOG,  ZBGO  =  ZOBG  =  45^ 

.'.  BO  =  OG  and  ZBOG  =  ZPON  =  135^ 

Clearly  the  right  triangles  PBO  and  OGM  are  equal. 

.-.  po  =  OM. 

In  a  similiar  manner  it  can  be  proved  that  each  angle  of  this  octagon 
contains  135%  and  that  the  sides  are  equal.    Hence  the  octagon  is  regular. 

301.  Proposed  by  Nelson  L,  Roray,  Metuchen,  N.  J. 

Solve  without  the  use  of  trigonometric  functions :  The  distance  between 
the  feet  of  two  towers  standing  on  a  horizontal  plane  is  2a.    The  angles 
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of  elevation  of  their  tops  from  the  mid-point  of  2a  are  complementary. 
The  angle  of  the  elevation  of  the  top  of  the  higher  from  the  foot  of  the 
lower  is  double  that  of  the  top  of  the  lower  from  the  foot  of  the  higher. 
Find  the  height  of  each  tower. 

Solution  by  T.  M,  Blakslee,  Ames,  Iowa,  and  M.  W,  Grene,  Saguache, 
Colo, 

Let  X  be  height  of  shorter  tower  and  x  -\-  y  that  of  longer. 

From  similiar  triangles, 

X  \  a  =  a  :  jr  +  y  or  JT*  +  4ry  =  a*  (1) 

A  line  from  the  base  of  the  shorter  tower  to  a  point  x  feet  above  the 
base  of  the  other  bisects  the  angle  of  elevation  of  the  higher  tower. 

r.xiy=2a  :  [4a«+(;r +>)•]* 
or  Aa*x^+x^{x'\-yy  =  4a^  (2) 

From  (1)  and  (2),  4(^x*+a*=^a*j^, 
from  which  >*—;r*=a*/4.  (3) 

From  (1)  and  (3),  y^+xy^^Sa^A.  (4) 

From  (1)  and  (4),  ix-\-y)*  =  9(r«/4 

r .  x-\'y=±3a/2  (5) 

From  (1)  and  (5),  x=it2a/3 

.'.  The  heights  of  the  towers  are  Za/3  and  3a/2. 

302.    Proposed  by  Norman  Anning,  North  Bend,  B.  C. 

With  a  given  number  of  trees  per  acre  of  orchard,  how  much  farther 
apart  may  they  be  placed  by  using  the  equilateral  triangular  plan  instead 
of  the  square? 

Solution  by  the  Proposer, 

Let  a  be  the  distance  between  neighboring  trees  for  the  equilateral  tri- 
angular arrangement  and  b  for  the  square.    In  the  first  case  there  is  for 

each  tree  an  area  of  a  regular  hexagon  of  side  -7=  which  is  the  same  as 

the  area  of  two  equilateral  triangles  of  side  a,  i.  e.,  ^V^  .     In  the  second 

2 

case  there  is  for  each  tree  a  square  of  side  b;  area  b*.  We  wish  to  com- 
pare a  and  b  when  these  areas  are  equal. 

II.    Solution  by  C.  H,  Stoutenburgh,  Trenton,  N,  J. 
Let  o'  =  no.  of  trees  per  acre. 
In  square  plan, 
No.  rows  ■=«, 

^.  ^  -    ,  ^  side  of  one  acre        208.7  .    ^ 

Dist.  between  trees  =  =  feet. 

a  a 

In  triangular  plan, 

Side  of  A  acre  =  317.2  feet. 

The  no.  of  trees  in  last  row  is  the  last  term  of  an  arithmetic  series 
whose  sum  is  a*,  first  term  one,  and  in  which  the  number  of  terras 
equals  the  number  of  the  last  term. 
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In  5  =  —  (a+/)  substitute  /  for  n  and  a*  for  5  and  solve  for  /: 

Considering  unity  in  8a*+l  as  negligible, 

l=ai/2  —%=:a\/2,  approximately. 

317  2 

.*.  distance  between  trees  ^  V^« 

a\/2 

Ratio  of  distances  = -z  / =  1.0746+. 


CBEDIT  FOR  SOLUTIONS  RECEIVED. 

297.  N.  Anning,  A,  M.  Harding,  Elmer  Schuyler,  C.  H.  Stoutenburgh.  (4) 

298.  Norman  Anning,  Philip  Fitch,  L.  Iv.  Harding,  Kenneth  £.  Reynolds. 

(4) 

300.  Norman  Anning,  T.  M.  Blakslee,  W.  S.  Cawthorn,  M.  W.  Greene, 

Iv.  L.  Harding,  G.  I.  Hopkins,  L.  E.  A.  Ling,  Effie  Morse,  C.  H. 
Stoutenburgh,  Elmer  Schuyler.     (10) 

301.  Norman  Anning,  T.  M.  Blakslee,  W.  S.  Cawthon,  M.  W.  Greene, 

A.   M.    Harding,   G.    I.    Hopkins,   L.    E.   A.   Ling,   Kenneth    E. 
Reynolds,  Elmer  Schuyler,  C.  H.  Stoutenburgh.     (10) 

302.  Norman  Anning,   C.  H.  Stoutenburgh.     (3) 
Total  number  of  solutions,  31. 


PROBLEMS  FOR  SOLUTION. 

Algebra. 

313.  Proposed  by  Elmer  Schuyler,  Brooklyn,  N.  Y, 
Solve:        ;r»+y-2»-«»=133.  (1) 

^-f^—2«— ««=:  15.  (2) 

X  +y-'Z—u=    1.  (3) 

xy=  zu  (4) 

314.  Proposed  by  H.  E.  Trefethen,  IVaterville,  Me. 

A  piece  of  land  in  the  form  of  a  triangle  ABC  increases  in  value  from 
the  vertex  C  toward  the  base  in  proportion  to  the  nth  power  of  the  dis- 
tance from  a  line  through  C  parallel  to  AB.  Divide  it  by  lines  parallel  to 
the  base  among  m  men  so  that  they  each  have  shares  of  equal  value. 

Geometry. 

315.  Selected. 

Construct  a  triangle,  given  its  pedal  triangle. 

316.  F.  Eugene  Seymour,  Trenton,  N.  J. 

Through  a  point  within  a  given  angle  to  draw  a  line  which  will  form 
with  the  given  sides  of  the  angle  a  triangle  of  minimum  area. 

317.  Proposed  by  Nelson  L,.  Roray,  Metuchen,  N.  J. 

Given  two  circles  of  radii  2  and  9  respectively  and  the  sect  14  between 
their  centers;  also  the  common  external  tangents.  If  the  figure  is  made 
to  rotate  about'  14  as  an  axis  find  the  volume  generated  by  the  entire 
figure  and  the  area  generated  by  the  two  tangents  and  the  two  arcs  not 
between  the  two  centers. 

REQUEST:  A  new  supply  of  interesting  and  instructive  problems  is  de- 
sired for  this  department. — Ed. 
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SGIENGE  QXTESTIQNS. 

By  Franklin  T.  Jones, 
University  School,  Cleveland,  Ohio. 

Readers  of  School  Science  and  Mathematics  are  invited  to  propose 
questions  for  solution — scientific  or  pedagogical — and  to  answer  the  ques- 
tions proposed  by  others  or  by  themselves.  Kindly  address  all  communi- 
cations to  Franklin  T.  Jones,  University  School  Cleveland,  O. 

HABVABD  UNIVEBSITY,  NEW  PLAN,  PHYSICS. 
(One  Honr  and  a  Half.) 

Omit  four  questions.  All  note-books  must  be  handed  in  at  the  laboratory 
examination  and  must  be  claimed  when  it  is  over. 

In  all  cases  where  numerical  answers  are  given,  the  *units  in  which  they 
are  expressed,  and  course  of  reasoning  leading  to  them,  should  be  in- 
dicated. 

91.  A  gas  main  runs  up  a  hill  100  meters  high.  When  no  gas  is 
flowing,  the  pressure  in  the  main  at  the  bottom  of  the  hill  is  8  grams 
per  square  centimeter  in  excess  of  the  pressure  of  the  surrounding  air. 
What  would  be  the  diflferencc  between  the  pressure  in  the  main  and 
that  of  the  surrounding  air  at  the  top  of  the  hill  under  the  same  con- 
<litions?  Assume  that  the  average  densities  of  the  two  colunms  are  as 
follows:  air,  0.0012  grams  per  cubic  centimeter;  gas,  0.0003  grams  per 
•cubic  centimeter. 

2.  A  uniform  gate  4  feet  long  and  3  feet  high  weighs  75  pounds  and 
is  supported  by  hinges  at  its  upper  and  lower  left  hand  comers.  Find 
the  horizontal  force  exerted  on  the  gate  by  each  hinge. 

3.  The  stiffness  of  a  beam  of  given  length  is  proportional  to  its  width 
and  to  the  cube  of  its  vertical  thickness.  Which  would  be  stiffer  as  a 
floor  beam  in  a  house,  an  old-fashioned  beam  6  inches  square,  or  a  plank 
containing  only  half  as  much  material,  but  of  cross  section  2x9  inches 
and  set  on  edge?    Give  numerical  values. 

92.  About  100,000,000  tons  of  water  go  over  Niagara  Falls  every  hour, 
and  drop  161  feet.  If  all  this  water  were  run  through  a  power  house  of 
75  per  cent  efficiency,  how  many  horse-power  would  be  available? 

5.  A  balloon  is  floating  over  a  fort  at  a  height  of  10,000  feet. 

(a)  With  what  velocity  must  a  shot  be  fired  vertically  upward  in 
order  to  reach  the  balloon  ? 

(b)  How  many  seconds  will  it  take  the  shot  to  reach  the  balloon? 
N.B. — Neglect  the  air  resistance,   although  it  would  be   large  in   the 

actual  case. 

6.  (a)  Does  the  velocity  of  sound  in  the  open  air  vary  from  day  to 
day,  and  if  so,  why? 

(b)  A  locomotive  known  to  be  going  60  miles  an  hour,  whistles  at 
a  crossing.  If  the  sound  is  heard  by  someone  5  miles  down  the  track 
27.6  seconds  before  the  locomotive  reaches  him,  what  is  the  velocity 
of  sound  at  the  time? 

7.  What  do  you  think  heat  is,  and  why  do  you  think  so? 

93.  Two  kilograms  of  food  at  90** C.  (specific  heat  0.5)  are  put  into 
a  refrigerator  and  cooled  to  WC.  all  of  the  heat  goiAg  into  the  ice. 
How  much  ice  is  melted,  if  the  water  formed  escapes  at  once? 

9.  A  lamp  A  illuminates  a  wall  twice  as  much  as  a  lamp  B  does,  when 
B  is  three  times  as  far  from  the  wall  as  A  is.  Compare  their  illuminating 
powers  at  equal  distances. 
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10.  A  luminous  point  is  60  centimeters  in  front  of  a  spherical  mirror, 
and  its  image  is  found  to  be  20  centimeters  from  the  mirror  on  the  same 
side. 

(o)  Is  the  mirror  convex  or  concave? 
(b)  What  is  its  focal  length? 

11.  Describei  with  a  simple  diagram: — 

(a)  A  series  wound  electric  motor. 

(b)  A  shunt  wound  electric  motor. 

94.  A  "hylo"  incandescent  electric  light  bulb  is  provided  with  a  switch 
by  which  the  electric  current  can  be  sent  through  a  low-resistance  filament 
for  giving  a  bright  light,  or  through  a  high  resistance  filament  for  giving 
a  feeble  light.  The  lamp  operates  on  a  1 10-volt  circuit,  and  the  resistances 
of  the  two  filaments  are  220  ohms  and  1100  ohms  respectively.  If  the 
cost  for  electric  power  is  half  a  cent  per  hour  when  the  low  resistance 
filament  is  used,  what  is  the  cost  per  hour  when  the  high  resistance  fila- 
ment is  used,  and  what  is  the  rate  per  kilowatt-hour  that  is  being  paid 
for  power?  The  phrase  "per  kilowatt-hour"  means  "per  hour  for  each 
1000  watts  taken." 


OHEMISTBY. 
(One  How  and  a  Half.) 

All  note-books  must  be  handed  in  at  the  laboratory  examination,  and 
must  be  claimed  when  it  is  over. 

Candidates  should  answer  the  first  five  questions,  and  should  then  select 
five  from  the  remaining  questions. 

1.  Give  several  physical  and  chemical  tests  by  which  you  could  dis- 
tinguish between  silver,  sodium,  and  zinc. 

2.  Write  the  following  equations  in  complete  form,  using  formulae: — 

(a)  Manganese  dioxide  +  hydrochloric  acid  =  ? 

(b)  Calcium  hydroxide  4-  carbon  dioxide  =  ? 
(r)  Barium  nitrate  +  ammonium  sulphate  =  ? 

95.  Five  grams  of  silver  chloride  can  be  obtained  by  adding  silver 
nitrate  to  a  certain  amount  of  crystallized  calcium  chloride,  CaCU  *  6H«0. 
What  is  the  weight  of  the  calcium  chloride? 

H  =  1      O  =  16     CI  =  35.5      Ca  =  40     Ag  =  108 

4.  (a)  State  Gay  Lussac's  Law  of  Combining  Volumes. 
(b)  Illustrate  this  law  with  two  examples. 

5.  (a)  Discuss  the  composition  of  acids. 

(b)  Mention  not  less  than  three  wholly  different  ways  to  test  for 
an  acid. 

6.  A  liter  of  nitrous  oxid  and  one  of  ammonia  are  weighed  at  lOO^C. 
and  700  mm.  If  the  nitrous  oxide  weighs  1.33  grams,  how  much  will  the 
ammonia  weigh? 

H  =  1      N  =  14      O  =  16 

7.  Under  what  circumstances  will  chemical  reactions  run  to  an  end? 
Illustrate  each  case  with  an  example. 

8.  Describe  and  explain  an  experiment  for  determining  quantitatively 
the  solubility  of  some  particular  salt  in  water. 

9.  (a)  Describe  the  properties  of  radium  compounds. 

(b)  In  what  respect  does  radium  differ  from  most  other  elements?' 
10.  (a)  What  kinds  of  impurities  may  drinking  water  contain? 

(b)  Which  of  these  are  harmful  to  health? 

(c)  Explain  how  unwholesome  water  may  be  improved. 
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11.  State  briefly  how  each  of  the  following  three  substances  may  be 
obtained  free  from  impurities,  starting  from  the  source  mentioned: — 

(a)  Copper  from  copper  sulphate. 

(J))  Sulphuric  acid  from  sulphur  dioxide. 

(r)  Potassium  sulphate  from  potassium  chloride. 

12.  Describe  three  allotropic  forms  of  sulphur,  giving  the  name  of 
each,  and  stating  how  each  may  be  made. 

13.  Describe  a  process  for  the  extraction  of  iron  from  its  ores.     (Use 
a  diagram.)    June,  1912. 


QUESTIONS  AND  PROBLEMS  FOB  SOLUTION. 

96.    Proposed  by  C.  A,  Perrigo,  Dodge,  Neb. 

The  record  for  baseball  throwing  is  about  400  ft.    What  was  the  velocity 
with  which  the  ball  left  the  hand?    (Hastings  and  Beach,  General  Physics, 
page  67.) 
'   Answer  serially  numbered  questions  in  the  following  lists: 


SOLUTIONS  AND  ANSWERS. 

82.  A  body  whose  specific  gravity  is  7.6  weighs  54.6  grams.  What  will 
it  weigh  in  water?  What  will  it  weigh  in  oil  whose  specific  gravity  is 
0.9?    What  is  the  volume  of  the  substance? 

Answer  by  C.  A.  Smith,  Oakland,  Iowa. 

,  V    ^  weight  in  air  ma 

loss  of  weight  in  water         fHa  — w^ 

•*.  7.6=  ,^  l^'^^ —  ;  mtt,  —  414.96  —  54.6  -h  7.6  =  47A^/cc 
54. o^  "^fHiff  , 


54.6^ 


W    7.6=  ^^  "     * ;    w«,  =  414.%  -  54.6  -^  6.84  =  IZJg/cc 

54.0— .VWItt; 

{c\    54.6'  —  47.4*^  =  7, Zee,  volume. 

•  83.    Forty  voltaic  cells  in  series  are  sending  a  current  of  one  ampere 
through  a  coil  of  22  ohms  resistance.    The  resistance  of  one  cell  is  0.55 
ohm.    What  is  the  E.  M.  F.  of  one  cell? 
Answer  by  C.  A,  Smith,  Oakland,  Iowa, 


1= 


R-f  »r 


40F 


FEDEBAL  MEAT  INSPECTION. 

A  few  months  ago  attention  was  called  to  the  fact  that  the  borax 
trust  and  other  interests  unfriendly  to  Dr.  Wiley,  in  criticising  the  cx- 
cfaief  of  the  Bureau  of  Chemistry,  took  occasion  to  laud  the  Bureau  of 
Animal  Industry.  The  latter  bureau  has  charge  of  examining  the  meat 
supplies  of  the  country,  and  the  argument  of  the  Anti- Wiley  forces  was 
that,  while  the  Bureau  of  Chemistry  has  had  a  somewhat  stormy  career, 
the  Bureau  of  Animal  Industry  was  conducted  "without  friction."  It 
was  suggested  at  the  time  that  any  department  of  government  service, 
supposed  to  be  operated  in  the  interest  of  the  public,  which  got  along 
"without  friction"  was  to  be  viewed  with  suspicion.    Recent  developments 
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seem  to  The  Journal  of  the  American  Medical  Association  to  point  to  the 
source  of  the  lubricant  which  has  permitted  the  Bureau  of  Animal  Indus- 
try to  operate  without  any  friction  developing  between  themselves  and  the 
vested  interests  concerned.  The  Bureau  of  Chemistry  has,  it  is  true,  been 
much  criticised  in  the  last  four  or  five  years — but  the  criticisms  have 
come  not  from  the  consumers,  but  from  the  manufacturers.  Now  the 
Bureau  of  Animal  Industry  is  coming  in  for  its  share  of  criticism,  but 
with  this  difference,  that  representatives  of  the  consumer  and  not  of  the 
packing  houses  are  the  critics.  Charges  have  been  made  by  competent 
and  unbiased  observers  that  the  federal  meat  inspection  laws  are  admin- 
istered in  the  interest  of  the  packers  rather  than  for  the  protection  of 
the  public*  and  that  meat  that  would  not  be  accepted  at  the  ports  of  entry 
in  Europe  is  passed  by  the  federal  meat  inspectors  for  home  consumption. 
As  might  be  expected,  the  investigation  of  the  Bureau  of  Animal  Industry 
exhibits  Secretary  Wilson  and  Solicitor  McCabe  "running  to  form" 
as  special  pleaders  for  the  "interests."  The  enormous  harm  done  to  the 
health  of  the  American  people  through  the  maladministration  of  the  Food 
and  Drugs  Act  and  the  federal  meat  inspection  law  can  hardly  be  esti- 
mated. The  responsibility  for  it  rests  on  Secretary  WilsOn  and  Solicitor 
McCabe,  whose  incompetency— or  something  else — has  rendered  the  en- 
forcement of  these  laws  a  joke. 


SALT  AIB,  SUNSHINi:  AND  CLIMATE. 

The  significance  of  climate  as  a  factor  in  the  treatment  of  disease  is 
generally  conceded.  Altitude,  sunshine,  salt  air,  ocean  breezes  and  forest 
hills  are  expressions  with  which  .the  practitioner  now  and  then  attempts 
to  conjure  his  jaded  patients.  Not  infrequently  the  spell  is  effective, 
bringing  wlHf  it  a  renewal  of  vigor  and  restoration  of  health.  Can  ob- 
jective causes  for  climatic  influences  be  discovered?  What  are  the  reasons 
for  the  frequently  observed  beneficial  effects  of  an  ocean  voyage,  or  a 
stay  at  the  seaside?  Professors  Zuntz  of  Berlin  and  Durig  of  Vienna — 
both  well-known  European  experts  in  physiology,  who  have  devoted  much 
energy  to  the  study  of  the  effects  of  high  altitudes  on  man — ^have  given 
some  consideration  to  these  questions.  In  the  course  of  an  ocean  voyage 
from  Germany  to  the  Canary  Islands  and  return  they  made  careful  ob- 
servations on  pulse-rate,  body  temperature,  etc.  Despite  the  invigorating 
nature  of  the  trip  these  fundamental  b9dily  features  were  not  found 
altered  in  any  detectable  uniform  degree.  This  corresponds  with  what 
has  been  observed  in  investigations  at  seaside  resorts  where  the  travel 
factor  is  excluded,  but  the  atmospheric  conditions  are  similar  in  many 
ways,  says  The  Journal  of  the  American  Medical  Association.  Neither 
such  conditions,  nor  the  tropics,  nor  yet  polar  climates  effect  any  marked 
alteration  in  these  physiologic  functions.  In  any  event  it  has  been  impos- 
sible to  demonstrate  changes  that  might  be  considered  indicative  of  a 
stimulating  effect  of  ocean  climates.  A  similar  outcome  has  attended  the 
careful  experimental  investigation  of  the  effect  of  sunlight.  An  abundance 
of  direct  sunlight,  especially  in  some  of  the  widely  visited  health  resorts, 
has  always  claimed  a  due  share  of  the  credit  ascribed  to  the  invigorating 
dimate.  We  read  of  the  days  of  balmy  sunshine.  Careful  scientific 
observations  have  not  disclosed  any  bodily  changes  due  to  this  cause. 
Notwithstanding  all  of  these  negative  findings,  however,  no  one  can  deny 
the  usefulness  of  a  change  of  climate,  despite  the  obscurity  surrounding 
the  secret  of  its  influence  on  the  individual. 
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A&TICLES  IN  OUEBEin:  PESIQDIOALS. 

Condor  for  July-August :  "Birds  of  the  Cottonwood  Groves,"  with  two 
photos,  Florence  Merriam  Bailey;  "Notes  on  the  Wading  Birds  of  the 
Barr  Lake  Region,  Colorado,"  with  thirteen  photos,  Robert  B.  Rockwell; 
"The  Present  and  Future  Status  of  the  California  Valley  Quail,"  with 
map  and  diagram,  Harold  C.  Bnrant;  "A  Journey  to  the  Star  Lake  Coun- 
try and  Other  Notes  from  the  Tahoe  Region,"  with  three  photos,  Milton 
S.  Ray ;  "The  Present  Status  of  the  Colorado  Check-List  of  Birds,"  Wells 
W.  Cooke. 

Educational  Psychology  for  September:  "Graded  Mental  Tests,"  Part 
I,  Attention,  Perception,  Comprehension  and  Memory,  Carrie  Ransom 
Squire ;  "A  Study  in  the  Psychology  of  Spelling,"  Linus  W.  Kline ;  "Some 
Observations  on  the  Learning  of  Sensible  Material,"  John  A.  Dell. 

l/Bnseignement  Mathimatique  for  July :  "Sur  la  generation  des  courbes 
unicursales,"  Ch.  Tweedie;  "Sur  les  dyads  et  les  dyadics  de  Gibbs,"  C 
Burali-Forti  et  R.  Marcolongo ;  "Definition  des  f onctions  trigonometriques 
par  leur  theoreme  d'addition,"  H.  Scheupp;  "Noveau  procede  pour  le 
development  des  fractions  decimales  periodiques  simples,"  Leon  Pasternak. 

Mathematical  Gazette  for  July:  "The  Cambridge  School  of  Mathe- 
matics," W.  W.  Rouse  Ball;  "The  Theory  of  Proportion,"  Professor  M. 
J.  M.  Hill;  "The  Power-Sum  Formula  and  the  Bemoullian  Function," 
W.  F.  Sheppard;  "Mathematical  Notes." 

Nature-Study  Review  for  September:  "Nature  Study  and  Elementary 
Agriculture,"  Anna  Botsf ord  Comstock ;  "Wild  Flower  Gardening,"  Frank 
C.  Pellett;  "Insect  Life  of  Pond  and  Stream,"  Part  HI,  Paul  S.  Welch; 
"Hygiene  as  Nature  Study,"  Part  I,  F.  M.  Gregg;  "Observations  on  a 
Pair  of  Nesting  Song  Sparrows,"  Ralph  E.  Wager. 

Popular  Astronomy  for  October:  "Astronomy  at  Pittsburgh,"  with 
plate;  "Jupiter,  1912,'^  with  plate,  Latimer  J.  Wilson;  "The  Discovery  of 
Neptune,"  David  Rines;  "A  Great  Solar  Outburst,"  with  plate,  Alfred 
Rordame;  "The  Stellar  Universe  in  the  Light  of  Recent  Investigations," 
Hector  Macpherson,  Jr.;  "Variability  of  Polaris,"  Edward  S?King. 

Popular  Science  Monthly  for  September:  "Research  in  Medicine," 
Richard  M.  Pearce;  "Wind-graved  Meses  and  their  Message,"  Charles  R. 
Keyes;  "Old  Lamps  for  New,"  John  Mills;  "The  Revival  of  Economic 
Orthodoxy,"  S.  M.  Patten;  "George  Marcgrave,  the  First  Student  of 
American  Natural  History,"  E.  W.  Gudger;  "The  Real  Problem  of  Com- 
mission Government,"  Oswald  Ryan;  "Genius  and  Hair  Color,"  Charles 
Kassel;  "The  Nature  of  Hunger,^'  W.  B.  Cannon. 

Popular  Science  Monthly  for  October:  "The  Guayule — A  Desert  Rub- 
ber Plant,"  F.  E.  Lloyd;  "Rosseau's  Contribution  to  Psychology,  Philoso- 
phy, and  Education,"  W.  B.  Pillsbury;  "Smoking  and  Football  Men." 
Frederick  J.  Pack;  "The  Minister's  Son,"  Rev.  Clarence  Edward  Macart- 
ney; "History-making  Forces,"  Frank  T.  Carlton;  "Industrialism,"  Charles 
S.  Slichter;  "The  Inheritance  of  Fecundity,"  Raymond  Pearl;  "Stuffy 
Rooms,"  Leonard  Hill;  "The  Permanent  Fireproonng  of  Cotton  Goods," 
William  Henry  Perkin. 

School  World  for  September :  "Teachers  and  Educational  Research."  T. 
Raymont;  "The  Question  of  Sequence  in  Geometry,"  Charles  Davison; 
"The  Use  of  Practical  Exercises  in  the  Teaching  of  Geography,"  J. 
Martin;  "The  Place  of  Grammar  in  the  Teaching  of  English,"  W.  Muri- 
son;  "Original  Sources  in  the  Teaching  of  History,"  A.  J.  B.  Green. 

Scientific  American  Supplement  for  August  17:  "The  Manufacture  and 
Applications  of  Nitrous  Oxide,"  four  illustrations,  A.  S.  Newmark;  "How 
to  Make  Quartz  Fiber,"  two  illustrations,  C.  C.  Hutchins;  "Welding  by 
Electricity,"  four  illustrations;  "The  Correlation  Between  Sun  Spots  and 
the  Weather,"  A.  Gockel;  "Surface  Combustion."  ten  illustrations,  W.  A. 
Bone;  "The  Preservation  of  Our  Fish  Supply,"  one  illustration,  George 
Carroll  Curtis. 
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Scientific  American  Supplement  for  August  24:  "A  Review  of  the 
Physics  of  Light,"  I,  Prof.  Silvanus  P.  Thompson;  "Tracing  Wild  Ani- 
mals by  the  Spore/'  one  illustration ;  "The  Light  Quantity  Hypothesis,"  D. 
F.  Comstock;  "Trisecting  a  Given  Angle,"  five  illustrations,  Felix  Alex- 
ander Joseph;  "Cyrenaica,"  five  illustrations;  "Manufacture  and  Treat- 
ment of  Steel  for  Guns,"  two  illustrations.  General  L.  Cubillo. 

Scientific  American  Supplement  for  September  10:  "The  Manufacture 
of  Chili  Saltpeter,"  eight  illustrations,  B.  Diaz-Ossa;  "A  Museum  of 
Underground  Life,"  seven  illustrations;  "The  Second  Law  of  Thermo- 
dynamics." Charles  P.  Steinmetz ;  "Damming  the  World's  Greatest  River," 
eleven  illustrations,  H.  S.  Rogers;  "The  Chemical  and  Mechanical  Rela- 
tions of  Iron,  Vanadium,  and  Carbon,"  six  illustrations.  Prof.  J.  O.  Arnold ; 
"The  Cryogenic  Laboratory  at  Leyden,"  three  illustrations,  G.  Bresch; 
"The  Production  of  Ethyl  Alcohol  from  Waste  Products,"  Alcon  Hirsch. 

Unterrichtsbldtter  fur  Mathematik  und  Naturwissenschaft,  Nr.-5:  "Zur 
Reform  des  Rechenunterrichts,"  Dr.  E.  Bungers;  "Wie  konnen  Schiiler 
selbstandigen  mathematischen  Arbeiten  angeregt  werden?"  Prof.  Dr.  Hu- 
bert Muller ;  "Ueber  eine  Sterbetafel  fiir  den  Unterricht,"  Prof.  Dr.  R.  Ger- 
hardt;  "Quadrattafel  der  Zahlen  von  1  bis  1000,"  Dr.  Th.  Arldt;  "Die 
Binomialreihe."  Prof.  Milarch;  "Anschauliche  Summation  geometrischer 
Reihen,"  Dr.  H.  Bottcher. 

Zeitschrift  fur  Mathematischen  und  Naturwissenschaftlichen  Unterricht 
for  July :  "Ueber  die  Anlage  zur  Mathematik,"  Christian  Beyel ;  "Eine  zu 
beanstandende  Aufgabe  aus  dem  Richnen,"  P.  Biedermann ;  "Eine  optische 
Beziehung  zwischen  Kreis  und  Kardioide,"  Prof.  Dr.  Th:  Meyer;  "Zur 
Reformbewegung  auf  dem  Gebiete  des  mathematischen  und  naturwissen- 
schaftlichen Unterricht,"  redigiert  von  D^:.  W.  Lietzmann;  "Zur  Geomet- 
rographie,"  redigiert  von  K.  Hagge. 


DANGERS  m  THE  CELLULOID  INDUSTRY. 

That  the  peril  of  celluloid  working  is  not  confined  to  its  inflammability 
alone,  is  pointed  out  in  the  new  regulations  in  regard  to  the  working  and 
finishing  of  celluloid  articles,  issued  by  the  Ministry  of  Saxony.  Accord- 
ing to  a  statement  accompanying  these  regulations,  there  is  also  the  danger 
of  poisoning  by  prussic  acid,  which  is  produced  when  celluloid  bums.  Ex- 
periments, made  by  the  Hygienic  Institute  at  Leipzig,  have  shown  that 
5  grammes  of  celluloid,  scraps  ignited  in  the  open  air  will  produce  about 
0.05  grammes  of  prussic  acid,  a  quantity  sufficient  to  kill  one  person. 
The  danger  is  increased  when  celluloid  working  is  done  in  the  small  rooms 
of  private  dwellings  with  insufficient  ventilation.  The  new  regulations 
forbid  the  manufacturers  to  give  out  more  than  13  pounds  of  material  at  a 
time  to  any  one  family  employed  in  home  finishing,  and  also  they  are  to 
point  out  to  these  people  the  danger  connected  with  this  work. — Scientific 
American  Supplement. 


LEADS  WORLD  IN  ASBESTOS  MANUFACTURE. 

In  1911  the  United  States  excelled  all  other  countries  of  the  world  in 
the  conversion  of  raw  asbestos  into  manufactured  products,  but  a  very 
small  percentage — less  than  1  per  cent  of  the  asbestos  used — was  mined 
in  this  country,  by  far  the  larger  part  being  imported  from  Canada.  The 
total  production  in  the  United  States  for  1911,  according  to  the  United 
States  Geological  Survey,  was  valued  at  $119,935;  the  raw  material 
imported  from  Canada  was  valued  at  more  than  eleven  times  that  amount. 
Canada's  production  of  asbestos  in  1911  was  worth  nearly  $3,000,000. 
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IBON  m  PLANTS. 

Experiments  are  under  way  at  the  agricultural  bacteriological  station 
at  Vienna  to  increase  the  quantity  of  iron  carried  in  certain  plants,  with 
a  view  to  the  effect  on  the  human  system  when  those  plants  are  used 
as  food.  Artificially  prepared  foods  containing  iron  do  not  always  pro- 
duce the  desired  effect,  because  the  iron  is  not  completely  assimiliated. 
This  difficulty,  it  is  thought,  may  be  avoided  by  causing  plants  to  take 
up  an  increased  quantity  of  iron  during  their  natural  growth.  By  adding 
hydrate  of  iron  to  the  soil  in  which  it  was  growing,  the  experimenters  have 
succeeded  in  producing  spinach  containing  a  percentage  of  iron  seven 
times  as  great  as  that  found  in  the  ordinary  spinach.  It  is  believed  that 
the  process  will  prove  successful  with  other  ferruginous  plants. 


ORIGIN  OF  COLORS  IN  YELLOWSTONE  PARK. 

That  the  harmonious  and  brilliant  tints  in  the  geysers  and  hot-spring 
pools  are  due  mainly  to  plant  life  is  one  of  the  interesting  statements 
made  in  a  publication  entitled  "The  Geological  History  of  Yellowstone 
National  Park,"  just  issued  by  the  Department  of  the  Interior.  Algae  flour- 
ish equally  well  in  the  waters  of  all  geyser  basins  and  on  the  terraces  of 
Mammoth  Hot  Springs.  Wherever  these  boiling  waters  cool  to  the 
temperature  of  185  degrees  algqus  growths  appear,  and  by  the  lowering 
of  the  temperature  on  exposure  to  air  still  more  highly  organized  forms 
gradually  come  in.  It  is  said  that  at  about  140  degrees  the  conditions 
are  favorable  for  the  rapid  growth  of  several  species.  The  development 
of  plant  life  at  such  excessive  temperatures  and  on  a  scale  of  such 
magnitude  seems  a  marvelous  thing.  Nowhere  else  can  this  be  seen  so 
well  as  in  the  Yellowstone  Park. 

As  the  waters  in  shallow  pools  chills  rapidly,  corresponding  changes  in 
color  follow.  No  life  exists  in  the  center,  where  the  water  is  boiling. 
On  the  outer  edge  certain  colors  prevail,  and  in  the  cooler  overflow 
channels  still  other  colors  predominate.  In  a  geyser  basin,  the  first 
evidence  of  vegetation  in  an  overflow  stream  consists  of  creamy  white 
filamentary  threads  passing  into  light  flesh  tints  and  then  to  deep  salmon. 
With  distance  from  the  source  of  heat,  the  predominating  colors  pass 
from  bright  orange  to  yellow,  yellowish  green,  and  emerald,  and  in  the 
still  cooler  waters  various  shades  of  brown. 

The  marvelous  colors  in  the  Grand  Canyon  of  the  Yellowstone  are 
mainly  due  to  mineral  matter,  the  pigments  being  derived  from  the 
lavas.  Along  the  base  of  the  canyon  thermal  and  solfataric  agencies 
have  been  at  work  through  long  ages,  slowly  but  steadily  decomposing 
the  rhyolite  rock  that  forms  the  walls.  Upon  the  buttressed  walls  and 
sculptured  amphitheaters  tints  of  green  and  yellow  are  intermingled  with 
red,  the  colors  being  blended  with  singularly  harmonious  effects,  ^rom 
the  roaring  turbulent  river  at  the  bottom  to  the  somber  green  forces  at 
the  top,  the  abrupt  walls  seem  aglow  with  colpr. 

This  publication  contains  an  account  of  the  geologic  forces  that  have 
caused  the  wonderful  natural  features  that  have  made  the  Yellowstone 
famous  throughout  the  world.  It  is  illustrated  by  photographs  of  some 
of  the  principal  features  of  the  park  and  is  written  in  nontechnical 
language  so  that  it  may  be  readily  understood  by  persons  without  scien- 
tific training. 
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SPITZBEBGEN  AS  A  SGIENTIFI&  PBESEBYE. 

Diplomatic  negotiations  regarding  Spitzbergen,  now  in  progress,  con- 
template the  unique  plan  of  setting  aside  this  far  northern  archipelago  as 
a  sort  of  happy  hunting  ground  for  scientific  men.  According  to  this 
plan,  no  land  can  hereafter  be  acquired  in  Spitzbergen  except  for  purely 
scientific  or  humanitarian  purposes,  and  the  further  exploitation  of  land 
already  in  the  possession  of  commercial  organizations  (mines,  fisheries, 
etc.)  will  be  placed  under  such  restrictions  as  will  ensure  the  preservation 
of  the  flora  and  the  fauna.  The  hunting  of  fox,,  polar  bear,  walrus,  and 
reindeer  will  be  prohibited  from  May  1  to  September  15.  The  hunting  of 
eider-duck  will  be  prohibited  entirely,  as  also  the  use  of  poisons  and 
explosives  in  fishing. 


A  VOLOANO  THAT  BECAME  A  LAKE. 

Unique  among  the  natural  wonders  of  America  is  the  lake  in  Crater 
Lake  National  Park  in  Oregon,  which  is  described  in  a  publication  entitled 
Geological  History  of  Crater  Lake  just  issued  by  the  Department  of  the 
Interior.  The  traveler  who,  from  the  rocky  rim  of  the  lake,  looks  across 
its  limpid  waters  to  the  cliffs  beyond  stands  where  once  the  molten  lava 
of  Mount  Mazama  boiled  and  seethed  in  its  efforts  to  find  an  outlet,  for 
Crater  Lake  is  all  that  remains  of  a  great  volcano  that  ages  ago  reared 
its  lofty  summit  high  above  the  crest  of  the  Cascade  Range. 

Before  the  Cascade  Range  existed  the  region  now  included  in  the 
State  of  Oregon  was  a  great  lava  plateau  that  extended  from  the  Rocky 
Mountains  to  the  present  Coast  Range.  Gradually  mountain-making 
forces  became  operative;  the  surface  of  the  plateau  was  arched  and 
there  rose  the  great  mountain  system  which  is  now  known  as  the  Cas- 
cade Range.  With  the  hardening  of  the  crust  the  centers  of  eruptions 
became  fewer  until  they  were  confined  to  a  few  high  mountains  that 
were  built  up  by  the  flows  of  molten  lava.  In  this  way  were  created 
Hood,  Rainier,  and  Mazama,  from  whose  sides  and  lofty  summits  streams 
of  lava  poured  across  a  desolate  land.  Hood  and  Rainier  still  lift  their 
snowy  caps  to  the  clouds  and  fling  a  defiant  challenge  to  the  mountaineer 
to  scale  their  steep,  ice-covered  slopes.  Mazama  alone  is  gone,  engulfed  in 
the  earth  from  which  it  came.  In  what  is  left  of  its  caldera  lies  Crater 
Uke. 

Mount  Mazama  in  its  prime  rose  to  a  height  of  over  14,000  feet  above 
the  sea.  Mount  Scott,  which  towers  above  Crater  Lake  on  the  East,  was 
only  a  minor  cone  on  the  slope  of  Mount  Mazama.  The  portion  of  the 
mountain  that  has  been  destroyed  was  equal  in  size  to  Mount  Washington 
in  New  Hampshire  and  had  a  volume  of  17  cubic  miles. 

From  the  crest  of  the  rim  surrounding  the  lake  the  traveler  beholds 
20  miles  of  unbroken  cliffs  which  range  from  500  to  nearly  2,000  feet  in 
height.  The  clear  waters  of  the  lake  reflect  the  vivid  colors  of  the 
surrounding  walls  and  whether  in  the  soft  glow  of  the  early  morning,  in 
the  glare  of  the  noonday  sun,  or  in  the  rosy  hues  of  the  dying  day,  the 
view  is  one  of  awe-inspiring  grandeur  and  beauty. 

This  publication  contains  a  detailed  account  of  the  formation  of  this 
wonderful  work  of  nature.  It  is  well  illustrated  by  photographs  and  is 
written  in  nontechnical  language  so  that  it  may  be  readily  understood  by 
the  reader  who  has  not  the  advantage  of  scientific  training. 
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BOOKS  RECEIVED. 

General  Science,  by  Bertha  M.  Clark,  William  Penn  High  School,  Phil- 
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sheets  coordinate  paper.    22x26  cm.    Ginn  &  Co.,  Boston. 
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bert Brownell,  Teachers  College,  University  of  Nebraska.  132  pages. 
15:^  cm.    Cloth,  1912.    50  cents.    The  Torch  Press,  Cedar  Rapids,  Iowa. 
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Touton,  Central  High  School,  St.  Joseph,  Mo.  Pages,  ix+507.  13x19  cm. 
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Apparatus.  By  Albert  P.  Brubaker,  Jefferson  Medical  College.  Fourth 
edition  revised  and  enlarged.  Pages  xii-h736.  377  illustrations.  17x24  cm. 
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viii+321.  13x19  cm.  Cloth.  1912.  $1.65  net.  Samuel  I.  Jones,  publisher, 
Gunter,  Tex. 

Elementary  Applied  Chemistry.  By  Lewis  B.  Allyn,  Normal  School, 
Westfield,  Mass.  Pages  xi-f  127.  13x19  cm.  Cloth.  1912.  Ginn  and 
Company,  Boston. 

The  Elements  of  Geography.  By  Rollin  D.  Salisbury,  Harlan  H.  Bar- 
rows, and  Walter  S.  Tower,  University  of  Chicago.  Pages  ix+616. 
14x20  cm.    Cloth.    1912.    Henry  Holt  &  Co.,  New  York. 

First  Year  Algebra.  By  Webster  Wells  and  Walter  W.  Hart.  Uni- 
versity of  Wisconsin.  Pages  vii+321.  12x18  cm.  Cloth.  1912.  D.  C. 
Heath  &  Co.,  Boston. 

A  Primer  on  Alternating  Currents.  By  W.  G.  Rhodes,  Technical  Insti- 
tute, Salford,  England.  Pages  viii-|-145.  13x19  cm.  Cloth.  1912.  Long- 
mans, Green  &  Co.,  New  York. 

Essentials  of  Physics.  By  George  A.  Hill,  Harvard  University.  Pages 
viii-l-344.    14x19  cm.    Cloth.    1912.    Ginn  and  Company,  Boston. 

Health  in  Home  and  Town.  By  Bertha  Millard  Brown.  Pages  vi -1-312. 
15x19  cm.    D.  C.  Heath  &  Co.,  Boston. 

Shop  Mathematics.  By  Earle  B.  Norris  and  Kenneth  G.  Smith,  Uni- 
versity of  Wisconsin.  Pages  xi4-187.  16x24  cm.  Cloth.  1912.  $1.50  net. 
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BOOK  REVIEWS. 

Laboratory  Experiments  in  Chemistry,  by  B.  W,  Peet,  Normal  College, 
Ypsilanti,  Mich,  Sixth  edition  revised.  1912.  Geo.  Wahr,  Ann 
Arbor,  Mich. 

In  this  edition  Part  I  has  been  quite  largely  rewritten,  some  experiments 
have  been  omitted  and  several  new  ones  added.  The  experiments  on 
ionization  have  all  been  changed  and  increased  in  number.  Several  ex- 
periments that  deal  with  everyday  life,  domestic  science,  and  testing  sub- 
stances used  in  the  household  have  been  introduced.  These  changes 
make  this  excellent  manual  strictly  up  to  date,  practical  and  usable.  It 
is  one  of  the  best  manuals  on  the  market.  C.  M.  T. 
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Guide  to  the  Systematic  Use  of  the  North  American  Bird  and  Nature 
Study,  a  Manual  of  Reference,  by  Harold  B.  Shinn,  A.M.,  Instructor 
in  Zoology,  Schurs  High  School,  Chicago,  and  Gerard  Alan  Abbott. 
Pages  459.     12  mo.    Cloth,  1912.    Published  by  John  C.  Mountjoy. 
This  book  was  written  to  accompany  the  well-known  birds  and  nature 
series  of  charts  published  by  Mr.  Mountjoy,  but  is  worthy  of  standing  on 
its  own  footing  as  a  book  of  reference.    Following  an  introductory  chapter 
on  nafure  study  method  and  the  use  of  charts,  the  contents  of  the  book 
are  divided  into  two  parts.    The  first  part  of  about  seventy  pages  consists 
of  a  series  of  essays  by  Mr.  Shinn  on  the  "Factors  of  Animal  Life." 
The  topics  for  these  essays  are  well  chosen — some  of  them  may  be  noted 
— "Homes  of  Animals  and  How  They  Protect  Themselves;"  "The  Colors 
of  Animals;"  "Parasitic  and  Social  Habits  of  Animals,"  etc.    These  sub- 
jects are  treated  in  an  interesting  and   familiar  manner  in  untechnical 
language  which  may  be  readily  understood  by  the  average  elementary 
school  teacher  or  even  by  the  school  children. 

Part  n  was  written  partly  by  Mr.  Abbott  and  partly  by  Mr.  Shinn, 
Mr.  Abbott  taking  the  birds  and  plants  and  Mr.  Shinn  taking  other  miscel- 
laneous animals  by  groups  as  given  on  the  charts.  The  birds  are  de- 
scribed individually.  These  descriptions  include  various  items  on  the 
habits,  nesting,  and  songs  of  the  various  birds.  There  is  no  description 
of  plumage.  These  descriptions  contain  much  information  of  a  cyclopaedic 
character  and  no  doubt  will  be  useful  to  those  who  have  the  charts.  The 
descriptions  signed  by  Mr.  Shinn  have  a  more  personal  touch  and  are 
accompanied  by  suggestive  questions.  Taken  as  a  whole  the  book  is 
well  done  and  will  prove  helpful  to  possessors  of  the  series  of  charts — 
especially  for  those  without  libraries  for  reference. 

W.  W. 
Elementary  Algebra,  Second  Course,  by  John  C.  Stone  and  James  F. 
Millis.     Pages  v+257.     15x20  cm.     1912.     Benj.  H.  Sanborn  &  Co., 
boston. 
This  book  completes  a  series  of  high  school  text-books  which  will  have 
great  influence  in  making  algebra  and  geometry  of  more  practical  value 
to  pupils.    In  all  of  the  books  of  the  series  there  is  plenty  of  material  for 
teachers  who  still  feel  that  they  must  make  mental  discipline  or  prepara- 
tion for  college  their  chief  aim.     But  the  distinguishing  feature  of  the 
series  is  the  purpose  to  furnish  high  school  pupils  with  a  scientific  instru- 
ment for  solving  certain  types  of  problems  actually  encountered  in  the 
world's  work. 

The  Second  Course  gives  a  brief  review  of  the  topics  treated  in  the 
First  Course,  adds  new  material  where  necessary,  and  includes  all  topics 
required  for  admission  to  college.  In  the  exercises  other  letters  than 
X,  y,  and  2  are  used,  and  there  are  plenty  of  simple  literal  expressions 
for  drill  in  processes  and  manipulation.  The  problems  are  new  and  many 
of  them  are  based  on  geometry,  on  simple  principles  of  physics,  on  busi- 
ness transactions,  or  on  affairs  of  daily  life  within  the  experience  of  the 
pupil. 

Graphical  methods  are  used  with  discrimination.  They  are  found  where 
they  should  be,  throughout  the  book  to  illustrate  principles  and  to  solve 
problems.  A  chapter  on  graphs,  set  off  by  itself  and  never  used  by  the 
author  in  any  other  part  of  the  book,  is  of  little  value.  At  the  end  of 
each  chapter  are  supplementary  exercises  which  may  be  used  for  review 
or  to  adapt  the  work  to  the  needs  of  particular  classes.  The  table  of 
square  roots  and  cube  roots  is  a  valuable  addition.  H.  E.  C. 
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Catalogue   of  High   School  and   College   Text-hooks  ty   the  American 
Book  Company,  Chicago.     Pages  xl+507.  13x19  cm.     Cloth.  1912. 

This  is  a  real  book  not  a  mere  catalogue.  It  is  undoubtedly  one  of  the 
best  publications  to  illustrate  and  describe  the  products  of  a  firm's  man- 
ufacture, ever  published.  The  matter  is  splendidly  arranged  making  it 
an  easy  matter  to  find  that  for  which  one  is  looking.  In  the  description 
of  each  book  listed,  the  purpose  has  been  to  set  forth  briefly  and  clearly 
the  general  features  of  the  text  under  consideration,  but  at  the  same 
time  to  discuss  more  carefully  the  main  characteristics  of  the  book, 
those  which  distinguish  it  from  other  texts  of  the  same  general  nature. 
The  table  of  contents  enables  one  to  turn  at  once  to  the  class  of  books 
in  which  he  is  interested.  There  is  an  alphabetical  list  in  which  the 
name  of  the  author  comes  first,  followed  by  the  general  name  of  the 
book,  price  and  code  word.  A  separate  list  is  given  of  new  and  forth- 
coming books.  Those  who  are  purposing  introducing  new  books  should 
secure  this  descriptive  catalogue  and  book  as  a  guide. 

C.  H.  S. 
High  School  Education,  edited  by  Charles  H.  Johnston,   University  of 
Kansas.     Pages  xxii+555.     14x19  cm.     Cloth,  1912.     Charles  Scrib- 
ner's  Sons,  New  York. 

There  is  no  disputing  the  fact  that  there  are  many  high  schools  in 
which  the  individual  members  plan  their  work  without  any  help  or  advice 
from  the  principal  or  members  of  the  faculty.  In  many  cases  teachers 
consider  themselves  thoroughly  competent  to  handle  their  subject,  in 
their  school,  better  than  anyone  else  and  hence  scorn  the  idea  of  securing 
help  from  any  source.  Happily  this  brand  of  instructors  is  fast  disappear- 
ing, largely  due  from  the  fact  that  such  books  as  this  have  shaken  up  the 
dry  bones  of  self-conceit  and  scattered  them  to  all  the  winds  of  heaven. 

This  book  does  not  represent  entirely  the  thoughts  and  ideas  of  its 
editor,  but.  is  a  compilation  of  the  writings  of  several  well-known  men, 
who  were  invited  to  cooperate  in  its  production.  Throughout  the  book  the 
various  writers  have  kept  in  front  view  the  original  purpose  of  the  book, 
"that  the  life  purposes  of  high  school  students  constitute  the  ultimate 
objects  of  reference.  It  is  intended  primarily  to  appeal  to  all  serious 
students  of  our  modem  high  school,  including  state,  county,  and  city 
superintendents,  high  school  principals  and  teachers  in  service." 

The  work  is  divided  into  twenty-seven  chapters.  The  ideas  in  each 
chapter,  except  in  one  instance,  being  discussed  by  different  authors. 
The  best  comprehension  of  the  book  can  be  secured  by  naming  the 
subject  of  the  chapter  with  its  author. 

I — Current  Demands  upon  the  Program  of  Studies;  II — The  Dis- 
ciplinary Basis  of  Courses  of  Study,  Charles  H.  Johnson ;  III — History  of 
Secondary  Curriculums  since  the  Renaissance,  G.  L.  Jackson,  University 
of  Michigan;  IV — Principles  and  Plans  for  Reorganizing  Secondary 
Education,  Colvin  O.  Davis,  University  of  Michigan;  V — Instruction: 
Its  Organization  and  Control,  Edward  C.  Elliott,  University  of  Wiscon- 
sin; VI — Mathematics,  L.  C.  Karpinski,  University  of  Michigan;  VII — 
Physics,  Frederick  E.  Kestes,  University  of  Kansas;  VIII — Chemistry, 
J.  E.  Mills,  University  of  North  Carolina ;  IX — Biology,  Arthur  S.  Pearse, 
St.  Louis  University  School  of  Medicine;  X — Physiography,  William  J. 
Sutherland,  Normal  School,  Platteville,  Wis.;  XI— English,  Joseph  V. 
Denney,  Ohio  State  University;  XII — Public  Speaking  and  Voice  Train- 
ing. Dwight  E.  Watkins,  Knox  College;  XIII— Latin,  Arthur  T.  Walker, 
University  of  Kansas;  XIV — Modem  Languages,  W.  H.  Carruth,  Uni- 
versity of  Kansas;  XV — History,  Civil  Government  and  Political  Econ- 
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omy,  Wayland  J.  Chase,  University  of  Wisconsin;  XVI — Drawing,  Free- 
Hand  and  Mechanical,  Walter  Sargent,  University  of  Chicago;  XVII— 
Music  in  the  High  School,  Charles  H.  Famsworth,  Columbia  University; 
XVIII — ^Moral  Education  and  Training  with  a  Suggested  Course  of  Study, 
W.  B.  Arbaugh,  Superintendent  of  Schools,  Ypsilanti;  XIX — Physiology 
and  Hygiene,  Charles  S.  Berry,  University  of  Michigan;  XX — Sex  Peda- 
gogy in  the  High  School,  Aldred  S.  Warthin,  University  of  Michigan; 
XXI— C.  H.  Robinson,  Normal  School,  Upper  Montclair,  N.  J.;  XXII— 
Commercial  Education,  Selby  A.  Moran,  Ann  Arbor  High  School;  XXIII 
— ^Vocational  Training  in  the  High  School  and  its  Relation  to  Manual 
Training,  E.  C.  Warriner,  Superintendent  of  Schools,  Saginaw;  XXIV— 
Practical  Arts  for  Girls,  Charlotte  J.  Farnsworth,  Columbian  University; 
XXV — Psychology  in  the  High  School  Curriculum,  Irving  Miller,  Teach- 
ers College,  Greeley,  Colo.;  XXVI— The  High  School  Library,  Theodore 
Koch,  University  of  Michigan. 

A  valuable  bibliography  of  sixty-two  pages  covering  all  phases  of  meth- 
ods of  school  work  is  given.  A  complete  nine-page,  double-column  index  is 
appended.  It  is  a  book  which  all  teachers  who  wish  to  be  progressive 
should  purchase,  read  and  study.  Mechanically  it  represents  the  highest 
art  of  book  making.  C  H.  S. 

A  Guide  for  the  Study  of  Animals,  by  Worrallo  Whitney,  Bowen  High 
School,  Chicago;  Frederic  C,  Lucas,  Englewood  High  School;  Harold 
B,  Shinn,  Schurz  High  School,  and  Mabel  E,  Smallwood,  Lane  Tech- 
nical High  School    Pages  197.    D.  C.  Heath  &  Co. 

The  book  comprises  eight  chapters,  the  first  of  which  is  introductory  in 
nature  while  the  last  contains  a  glossary  and  a  discussion  of  poultry. 

The  principal  objects  of  the  work,  as  stated  in  the  preface,  are  to 
present  the  subject  of  zoology  from  the  point  of  view  of  the  student 
rather  than  the  subject  and  to  consider  the  ecological  and  economic  facts 
rather  than  those  of  morphological  nature  obtained  by  the  old  type 
method.  Insects  are  first  considered  by  a  number  of  well-chosen  exer- 
cises that  should  introduce  the  pupils  to  some  important  facts  and  prin- 
ciples as  well  as  making  him  acquainted  with  some  common  and  important 
forms  of  insect  life.  Then  follows  a  chapter  on  "The  Connection  between 
Structure  and  Function,"  where  the  cell  and  some  of  the  simpler  forms 
of  animal  life  are  studied.  In  three  other  chapters  are  taken  up: 
"Adaptation  to  Surrounding,"  "Adaptation  for  Protection  from  Enemies," 
"Adaptations  for  the  Preservation  of  the  Species."  Under  the  last  topic, 
the  subject  of  reproduction  is  well  treated. 

The  question  method  is  very  largely  used  to  get  information  to  the 
pupils.  To  answer  these  questions  laboratory  and  library  work  must  be 
done  in  most  cases.  Very  little  field  work  is  asked  for.  The  reason 
for  this,  stated  in  the  preface  is  a  good  one,  but  some  disappointment 
will  attend  this  omission  on  the  part  of  users  of  the  book  who  know  the 
special  qualifications  of  the  authorship  to  give  information  on  this  subject 

A  very  desirable  and  rather  unique  feature  of  the  work,  adapting  it 
well  to  the  beginner,  is  the  very  brief  and  elementary  consideration  of  a 
number  of  familiar  forms  of  animals  in  the  first  few  pages  for  the 
purpose  of  arousing  an  "active  and  attentive  interest"  on  the  part  of  the 
pupil  and  introducing  him  to  the  laboratory  method  "by  easy  stages." 

Some  of  the  questions  asked  in  the  laboratory  exercises  are  much  too 
difficult  for  the  pupil  to  answer  from  information  obtained  at  first  hand 
with  the  simple  equipment  to  be  provided  him,  according  to  the  directions 
under  the  topic,  "materials"  with  each  exercise.  Some  of  these  are: 
What  enables  the  fly  to  walk  upside  down?     What  senses  and  sense 


Digitized  byLjOOQlC 


BOOK  REVIEWS  737 

organs  has  the  maggot?  The  directions  for  obtaining  and  preparing  the 
material  seem  too  vague  and  general  in  a  number  of  instances.  In  the 
lesson  on  the  external  structure  of  the  fish,  it  is  asked  to  have  provided, 
''Small  fresh  fish,  shallow  pans  or  dishes  of  water,  forceps,  and  scissors." 
If  these  small  fishes  should  happen  to  be  minnows  or  members  of  a 
number  of  other  families,  the  blind  sac  of  the  stomach,  and  the  distinct 
large  intestine,  which  the  pupil  is  asked  to  find>  would  not  be  present. 
In  the  directions  for  studying  the  eye  of  the  fish,  attention  is  called  to  the 
lid,  lash,  and  tear-duct,  as  if  these  features  were  actually  present.  This 
is  too  misleading.  More  definite  references  to  literature  than  are  given 
would  add  much  to  the  value  of  a  work  of  this  kind.  Notwithstanding 
these  few  shortcomings,  the  work  is  on  the  whole  a  very  good  one  and 
shows  much  careful  thought  on  the  part  of  its  authors;  and  in  the  hands 
of  properly  qualified  teachers,  it  could-  be  made  the  basis  of  very  good 
courses  or  give  suggestions  for  much  valuable  work  in  elementary  zoology. 

T.  L.  H. 

Mathematical  Wrinkles,  by  Samuel  I.  Jones,  Professor  of  Mathematics  in 
the  Gunter  Biblical  and  Literary  College,  Gunter,  Texas,  Pages 
viii+321.  13x19  cm.  Price,  $1.65  net.  1912.  Published  by  the 
author. 

A  problem  stated  in  unusual  terms  or  a  mathematical  puzzle  will  often 
catch  the  interest  of  pupils  and  lead  them  into  a  more  thorough  study 
of  some  topics  in  algebra  or  geometry.  In  this  book  there  is  not  only  a 
large  selection  of  old  and  new  catch  questions  and  puzzles,  but  also  many 
interesting  problems  and  exercises  to  supplement  the  daily  assignments 
from  the  text-book. 

There  are  252  arithmetical  problems,  146  geometrical  exercises,  260 
mathematical  recreations,  and  fifty  pages  of  examination  questions  in  arith- 
metic. Solutions  and  answers  are  given  in  sixty-eight  pages.  Complete 
solutions  are  given  of  the  more  difficult  problems,  but  for  the  most  part 
answers  only  are  given.  Short  methods  of  computation  are  treated  at 
some  length,  the  discussion  filling  sixteen  pages.  There  are  thirteen  pages 
of  useful  quotations  on  mathematics,  and  the  last  sixty-two  pages  include 
mensuration  formulas,  historical  notes,  and  tables. 

The  volume  is  well  printed  and  well  bound,  and  is  in  all  respects  a  most 
useful  handbook  for  mathematics  teachers.  H.  E.  C. 

All  the  Children  of  All  the  People,  by  William  H,  Smith.  Pages  viii4-346. 
13x19  cm.  Cloth,  1912.  $1.50  net.  The  Macmillan  Company,  New 
York. 

This  is  a  book  in  which  is  studied  the  attempts  of  our  educational 
system  to  educate  everybody.  The  author  is  perfectly  familiar  with  this 
system  as  it  exists  now  and  as  it  has  existed  in  the  past.  However 
reluctant  one  may  be  to  pass  adverse  criticism  upon  our  present-day 
methods  of  general  education  he  must  admit  that  it  is  failing  in  its  pur- 
pose in  many  particulars.  The  attempt  to  compel  a  child  to  study  some 
subject  for  which  he  has  no  liking  or  adaptation  is  sheer  folly.  The 
fundamental  principles  of  our  educational  system  are  excellent.  All  the 
children  of  all  the  people  cannot,  however,  be  educated  in  the  same  way. 
Round  sticks  will  not  fill  completely  square  holes.  We  are  beginning  to 
realize  that  the  course  must  fit  the  child  and  not  the  child  the  course. 

This  book  is  a  candid  and  careful  study  of  the  situation  which  is  splen- 
didly handled,  the  question  being  discussed  in  an  unequivocal  way.  It 
is  writtten  by  a  master  hand  in  a  most  interesting  manner.  Folk  inter- 
ested in  the  child  and  future  high  quality  of  citizenship  should  carefully 
study  this  book.  C.  H.  S. 
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Theoretical  and  Physical  Chemistry,  by  S.  Lawrence  Bigelow,  University 
of  Michigan,  Pages  xv4-544.  81  drawings.  15x22  cm.  Cloth,  1912. 
The  Century  Company,  New  York. 

In  attempting  a  review  of  this  excellent  book  one  hardly  knows  where 
to  begin.  It  is  an  evolution  of  a  series  of  lectures  which  the  author  has 
given,  at  the  University  of  Michigan,  for  several  years.  It  is  a  work 
in  which  every  teacher  of  secondary  chemistry  and  physics  will  find  much 
helpful  information  as  to  facts  and  theories  and  also  many  suggestions 
as  to  the  way  in  which  different  aspects  of  this  subject  should  be  presented 
to  the  pupil.  The  instructor  in  college  chemistry  will  likewise  find  here  a 
fund  of  knowledge  and  plans  of  presentation  whidi  will  enable  him  to 
proceed  wisely  with  his  classes.  There  is  probably  no  better  book  in 
print  on  this  subject.  Enough  matter  is  presented  to  cover  about  three 
class  periods  per  week  for  one  year.  No  attempt  lias  been  made  to  avoid 
the  use  of  mathematics,  yet  most  of  the  demonstrations  require  for  their 
understanding  only  a  working  knowledge  of  elementary  algebra. 

The  text  is  divided  into  four  sections.  The  first  section,  of  three  chap- 
ters, discusses  the  value  of  science  in  general.  The  second  section,  of 
seven  chapters,  treats  of  the  ultimate  constituents  of  matter.  Section 
three,  of  nine  chapters,  presents  the  study  of  the  properties  of  matter. 
The  last  section,  of  eleven  chapters,  centers  upon  the  discussion  of  the 
processes  of  why  substances  become  what  they  are. 

The  author  has  succeeded  in  producing  a  book  which  can  be  readily 
understood  by  the  reader.  He  has  apparently  made  an  effort  to  avoid 
the  use  of  too  technical  terms,  an  excellent  feature.  A  complete  index  of 
eighteen  pages  is  appended.  It  is  a  work  which  should  be  in  the  library 
of  every  school  where  chemistry  and  physics  are  taught 

C  H.  S. 

The  Mathematics  of  Applied  Electricity,    A  Practical  Mathematics,  by 
Ernest  H,  Koch,  Jr.,  Instructor  in  Mathematics,  School  of  Science 
and  Technology,  Pratt  Institute,  Brooklyn,  N.  Y.     Pages  xvi-f6Sl. 
14x20  cm.    1912.    Prfce,  $3.00.    John  Wiley  and  Sons,  New  York. 
"This  text  was  developed  primarily  for  the  mathematics  instruction  of 
second  year  students  in  applied  electricity  courses  at  Pratt  Institute.     It 
is  intended  to  follow  a  year  of  drill  in  the  essential  elements  of  algebra, 
plane  geometry,  and  plane  trigonometry,  and  also  in  the  elementary  prin- 
ciples of  mechanics,  heat,  and  electricity." 

The  problem  of  giving  students  a  grasp  of  mathematics  that  will  enable 
them  to  do  efficiently  and  understandingly  the  daily  tasks  of  their 
chosen  vocation,  is  reaching  a  solution  in  the  work  of  Mr.  Koch  and  other 
teachers  of  mathematics,  who  are  in  close  touch  with  industrial  life.  In 
the  present  volume  the  student  learns  his  arithmetic  by  working  real 
electrical  problems,  though  there  are  short  lists  of  drill  exercises  of  the 
academic  type. 

In  the  278  pages  of  Part  I  the  fundamental  principles  of  arithmetic, 
algebra,  geometry,  and  trigonometry  are  developed  with  sufficient  ex- 
planations and  illustrations  to  serve  the  needs  of  young  men  who  have 
not  studied  these  subjects  in  school.  Most  of  the  problems,  except  those 
in  the  chapters  on  mensuration  and  strength  of  materials,  are  in  the  field 
of  electricity.  In  Part  II,  The  Graphs  of  Formulas  and  the  Formulation 
of  Graphs,  the  practical  use  which  is  made  of  squared  paper  is  an  exem- 
plification of  the  value  of  this  work  that  ought  to  be  seen  by  every  teacher 
of  secondary-school  mathematics.  The  first  part  deals  with  problems  of 
direct  currents,  while  Part  III,  Vectors  and  Vector  Diagrams,  deals  with 
alternating  current  problems. 
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Grand  Prize  of  World's  Exhibition,  Brunei*,  1910, 
and  Turin,  1911,  High  nonora. 
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Looser's  and  Kolbe's  Thermoscopes  with  all  Accessories 
Dr.  Gaede*s  High  Vacuum  Pumps 

Vacuum  0,00001  mm  Hg. 

Universal  Rotary  Air  Pumps 

Vacuum  0,0 1  mm  Hg. 

Vacuum  Gauges,  Etc. 

Delivery  free  New  York  or  Baltimore.    Guarantee  of  delivery  in 

working  condition.     Discharge  of  all  formalities  at  the  Customs. 
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This  book  will  certainly  prove  of  great  value  as  a  text  in  short  practical 
courses  in  trade,  industrial,  and  apprenticeship  schools.  It  ought  to  be 
in  the  library  of  every  secondary  school,  and  on  the  desk  of  every 
mathematics  and  physics  teacher.  H.  E.  C. 

Linear  Polars  of  the  k-hedron  in  n-space.    A  dissertation  submitted  to  the 
faculty  of  the  Ogden  Graduate  School  of  Science  in  candidacy  for  the 
degree  of  Doctor  of  Philosophy,  by  Harris  F,  MacNeish,     Pages 
v+25.    17x24  cm.    Paper.    Price,  27  cents  postpaid.    The  University 
of  Chicago  Press. 
This  treatment  of  polar  theory  is  presented  in  six  chapters :  I,  Synthetic 
Treatment;  II,  Analytic  Treatment;  III,  Algebraic  Loci;  IV,  Certain  Con- 
figurations with  Polarity  Properties ;  V,  The  Reciprocity  of  Certain  Asso- 
ciated Linear  Sets  of  Points ;  VI,  Concomitant  Theory  of  the  Associated 
4-Point  and  4-Line  in  the  Plane. 

H.  E.  C. 

First  Year  Algebra,  by  Webster  Wells  and  Walter  W.  Hart,  Assistant 

Professor  of  Mathematics,  University  of  Wisconsion  Course  for  the 

Training  of  Teachers.     Pages  vi+325.     12x18  cm.     1912.     Price,  90 

cents.    D.  C.  Heath  &  Co.,  Boston. 

In  this  book  Professor  Hart  has  incorporated  the  course  in  algebra 

which  he  has  been  developing  during  the  past  eight  years.    The  solution 

of  equations  and  problems  by  means  of  equations  is  made  the  central 

topic  as  far  as  possible.    Complicated  forms  and  some  of  the  less  useful 

complex  processes  are  omitted.    The  factoring  of  each  type  of  expression 

follows  immediately  the  special  products.     There  are  problems  of  the 

new  types,  informational,  motion,  geometric,  and  so  on.     New  ideas  are 

developed  in  an  inductive  manner.    The  checking  of  results  is  encouraged. 

The  graphical  work,  as  in  most  of  the  algebras,  is  put  in  a  "water-tight 

compartment."     The  historical  notes  are  well  written  and  are  historical 

rather  than  biographical. 

Pupils  should  be  able  to  comprehend  readily  the  explanations  and  illus- 
trations which  are  well  thought  out  and  perspicuous,  and  they  will  doubt- 
less find  many  interesting  problems. 

H.  E.  C. 

The  Energy  System  of  Matter,  by  James  Weir.  Pages  ix+200.  15x22  cm. 
Cloth,  1912.    Longmans,  Green  &  Co.,  New  York. 

An  interesting  book  in  which  the  author  discusses  some  of  the  results 
of  his  study  of  natural  phenomena  in  research  work  in  physics,  extending 
over  many  years.  He  believes  that  the  great  principle  of  energy  con- 
servation is  true,  not  only  in  the  universally  accepted  sense,  but  more 
especially  in  the  particular  sense  with  reference  to  separate  bodies  such 
as  planetary  masses  in  space;  he  maintains,  therefore,  that  each  planet  or 
star  forms  within  itself  a  complete  conservational  system  entirely  distinct 
and  independent  of  any  other  mass  in  space  of  what  so  ever  kind.  This 
conclusion,  then,  necessarily  involves  the  complete  denial  of  the  trans- 
mission of  energy  in  any  form  across  interplanetary  space.  In  the  book 
the  author  has  attempted  to  substantiate  this  claim  by  direct  terrestrial 
experimental  evidence.  He  also  denies  the  existence  of  any  ethereal 
substance  permeating  all  space. 

The  work  is  divided  into  three  parts,  each  part  being  differentiated  into 
several  sections  relating  to  the  particular  phase  of  the  subject  which  he 
is  attempting  to  prove.  It  is  clearly  written  and  an  interesting  book  to 
read.  All  physicists  should  become  familiar  with  the  views  here  ad- 
vanced. The  book  will  doubtless  bring  to  the  author  many  adverse 
criticisms.  C.  H.  S, 
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a  greatly  increased  sensitiveness. 
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class. 
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ience of  centering. 
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Commercial  Arithmetic,  by  Gustavus  S.  Kimball,  Pages  viii+418. 
15x21  cm.    1911.      G.  P.  Putnam's  Sons,  New  York. 

Though  this  book  was  prepared  for  use  in  commercial  courses  in  high 
schools,  normal  schools,  and  business  schools  enough  of  the  subjects 
usually  found  in  arithmetical  text-books  are  included  to  furnish  a  well- 
balanced  course.  Recognizing  the  importance  of  thorough  drill  in  funda- 
mental principles  and  the  need  of  accuracy  in  rapid  calculation,  the 
author  provides  a  large  number  of  oral  and  written  exercises  for  rapid 
work.  The  attention  of  the  pupils  is  often  called  to  checks  and  short 
methods. 

The  commercial  subjects  are  carefully  treated  and  they  conform  to 
present  usages  and  customs.  Fourffeen  pages  are  given  to  bills,  accounts, 
and  statements ;  twenty- four  to  commercial  discounts ;  forty- four  to  banks 
and  banking;  and  eighteen  to  stocks  and  bonds.  Teachers  of  commercial 
arithmetic  who  are  looking  for  a  new  text-book  should  examine  this  text 
before  making  a  decision.  H.  E.  C. 

The  Euclidean  or  Common  Sense  Theory  of  Space,  by  John  Newton  Lyle, 
Bentonville,  Ark.  Pages  63.  13x19  cm.  1911.  Price,  60  cents.  John 
N.  Lyle. 

This  book  is  divided  into  three  chapters.  The  first  discusses  space 
under  the  following  outline:  Space  is  continuous,  trinally  extended,  ob- 
jective homogeneous,  immaterial,  inflexible,  immovable,  unbounded,  and 
it  is  an  entity,  sui  generis,  neither  psychical  nor  physical.  In  the  second 
and  third  chapters  it  is  the  aim  to  show  that  a  circle  is  not  a  regular 
polygon  with  an  infinite  number  of  sides. 

It  is  the  purpose  of  the  author  to  show  that  a  study  of  non-Euclidean 
geometry  is  rank  foolishness.  Some  of  the  statements  he  makes  arc 
noteworthy,  ''The  assumption  that  space  has  a  fourth  dimension  is  an 
assumption  that  two  perpendiculars  may  be  erected  to  a  plane  surface  at 
a  point  in  the  surface."  "The  hypothesis  of  five  dimensions  is  more 
absurd  even  than  that  of  four  dimensions,  since  it  involves  the  assump- 
tion of  three  perpendiculars  to  a  plane  surface  through  a  point  in  that 
surface."  "A  finite  straight  line  is  one  that  has  two  ends,"  also  the  con- 
verse, "A  straight  line  that  has  two  ends  is  finite."  ^  J.  M.  EL 
Materials  and  Construction,  by  James  A.  Pratt,  Williamson  Pree  School, 
Pages  xi-l-196.  13x18  cm.  Cloth.  1912.  90c  net.  P.  Blakiston's  Son 
&  Co.,  Philadelphia. 

This  is  a  treatise  on  elementary  structural  designs,  and  has  been  written 
for  the  purpose  of  giving  those  not  versed  in  technical  education  an 
opportunity  to  apply  in  daily  practice  many  of  the  more  simple  formulas 
appertaining  to  building  construction  of  various  kinds.  Good  judgment 
has  been  used  in  the  selection  of  the  practical  problems  with  which  the 
book  abounds.  It  is  a  splendid  work  to  use  in  trade  schools  and  for  the 
mechanic,  too,  who  is  unable  to  attend  a  trade  school.  A  fund  of  helpful 
suggestions  will  be  found  which  will  enable  him  to  wisely  select  those 
materials  and  use  that  form  of  construction  which  will  give  the  best 
results.  The  educational  value  of  the  rough  sketches  is  not  the  best, 
nothing  is  gained  by  them,  a  well-made  drawing  serves  the  purpose  much 
better.  There  are  nine  chapters  with  headings  as  follows:  Elementary 
Principles;  Materials;  Elementary  Calculations  and  Properties;  Beam 
Design ;  Columns ;  Torsions ;  Action  of  Elementary  Forces  and  their  Con- 
sideration in  Design ;  Proportions  of  Knees  and  Corners ;  Riveted  Joints ; 
Reinforced  Concrete ;  one  gets  an  idea  of  the  ground  covered  by  this  list 
of  chapter  headings.  Many  useful  tables  and  data  are  appended.  A 
good  index  is  at  the  end.  Main  paragraphs  begin  with  bold  face  type. 
A  fine  book  for  all  structural  mechanics.  C.  H.  S. 
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I'rofettsor  of  Matliemallcs  in  Teachers  College,  Columbia  University,  New  York  City. 
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A  8TLLABUS  OF  SOLID  GEOMETBY  USED  IN  THE  ETHICAL 
CULTURE  SCHOOL. 

By  Matilda  Auerbach, 
Ethical  Culture  School,  New  York  City, 

During  the  past  year,  the  high  school  department  of  the  Ethi- 
cal Culture  School  has  had  several  sets  of  papers  stenciled  for 
the  use  of  pupils  taking  courses  in  mathematics.  Many  of  our 
visitors  have  not  only  shown  great  interest  in  these  papers,  but 
have  gone  so  far  as  to  ask  for  copies.  In  view  of  the  fact  that 
we  have  only  a  limited  number  for  our  own  use,  it  has  been 
deemed  wisest  to  meet  this  request  in  some  other  way.  We 
hope  from  time  to  time  to  publish  these  stencils  so  that  all  those 
who  are  really  interested  in  them  may  avail  themselves  of  copies. 

The  sets  of  papers  thus  far  stenciled  may  be  classified  under 
two  heads : 

First:  Those  that  are  wholly  original. 

Second:  Those  which  make  little  pretence  at  originality  ex- 
cept for  the  selection  and  arrangement  of  the  material  used. 

The  following  syllabus  in  solid  geometry  falls  under  the  former 
of  these  two  groups.  A  few  words  as  to  the  history  of  this 
syllabus  may  be  in  place.  I  had  taught  solid  geometry  for  six 
years  and  each  year  was  more  and  more  convinced  that  it  must 
be  possible  to  group  the  theorems  usually  studied  in  a  course  in 
solid  geometry  so  that  none  of  the  logical  sequence  should  be 
sacrificed,  while  it  should  be  psychologically  better  adapted  to 
the  use  of  our  pupils.  Though  I  used  one  of  the  standard  texts 
all  these  years,  I  had  gradually  introduced  so  many  changes 
in  the  syllabus  that  finally  the  point  was  reached  where  the  text 
was  simply  a  burden  and  confused  rather  than  aided  the  pupils. 
Consequently,  I  decided  to  use  no  text  whatever  during  the  sev- 
enth year  of  the  course,  that  was  1910  to  191 1. 

As  each  section  of  the  syllabus  was  started  I  gave  the  class 
the  topic  of  that  section.  Under  the  heading  given  we  together 
attempted  to  discover  what  facts  we  could,  gradually  arranging 
these  facts  in  logical  sequence  so  as  to  make  a  perfect  chain. 
Thus  many  a  theorem  was  inserted  as  it  was  found  necessary  in 
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order  that  the  truth  of  another  might  be  established.  After  each 
section  was  completed,  I  had  the  theorems  typewritten  and  placed 
in  the  hands  of  the  pupils. 

At  the  close  of  the  course  the  mathematics  faculty  decided  that 
with  practically  no  change  the  syllabus  should  be  stenciled  and 
used  in  the  future  in  the  place  of  a  text.  During  the  year  191 1 
to  1912  another  member  of  the  faculty  gave  the  course  to  test 
the  syllabus.  His  verdict  has  made  me  feel  ready  to  publish  the 
syllabus  so  that  others  may  try  it  also  should  they  see  fit.  My 
colleague  has  made  the  statement  that  he  believes  he  will  never 
be  willing  to  go  back  to  the  old. 

Because  I  feel  sure  that  my  reasons  for  grouping  the  theorems 
as  I  did  will  be  self-evident  if  the  syllabus  is  carefully  read,  I 
append  the  syllabus  without  further  explanation  or  apology. 
Should  there  be  any  doubt  in  the  mind  of  the  reader,  I  shall  be 
glad  to  attempt  to  answer  any  questions  he  may  frame. 

SECTION  I. 

Parallels  and  Their  Application  to  the  Prism,  Cylinder, 

Pyramid,  and  Cone. 

Definition.    Plane. 

Postnlate  1.    A  plane  is  determined  by  a  straight  line  and  a  point 

without. 
Proposition  1.    (a)  Three  points  not  in  the  same    \ 

straight  line  /  Determine 

(6)  Two  intersecting  straight  lines  f      piwie. 
(c)  Two  parallels  ) 

Corollary.    Two  intersecting  planes  determine  a  straight  line. 
Proposition  2.    The  lines  of  intersection  of  three  planes  inter- 
secting in  pairs  are  either  concurrent  or  parallel. 
Corollary.    If  two  lines  are  parallel  to  a  third  line  in  space 
they  are  parallel  to  each  other. 
Definition.    Coplanar. 
Proposition  8.  Two  non-coplanai  angles  having  their  sides  parallel 

are  either  equal  or  supplementary. 
Definition.    Line  perpendicular  to  a  plane,  and  plane  perpendicu- 
lar to  a  line. 
Corollary.    When  one  of  two  parallels  is  perpendicular  to  a 
plane  the  other  is  also. 
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Definition.    Parallel  planes. 

Proposition  4.    The  intersections  of  two  or  more  parallel  planes 
with  another  plane  are  parallel. 
Corollary.     Parallel  sects  included  between  parallel  planes 
are  equal. 
Proportion  5.    Straight  lines  cut  by  three  or  more  parallel  planes 

are  cut  proportionally. 
Definition.    Line  parallel  to  a  plane,  and  plane  parallel  to  a  line. 
Proposition  6.    Any  plane  containing  only  one  of  two  parallel  lines 

is  parallel  to  the  other. 
Proposition.  7.    A  line  parallel  to  a  plane  is  parallel  to  the  inter- 
section of  this  plane  with  any  plane  passed 
through  the  line. 
Corollary.    If  each  of  two   intersecting  straight  lines  is 
parallel  to  a  given  plane  their  plane  is  parallel 
to  that  plane. 
Proposition  8.    Planes  perpendicular  to  the  same  straight  line  are 

parallel. 
Proposition  9.    A  straight  line  perpendicular  to  one  of  two  parallel 
planes  is  perpendicular  to  the  other. 
Corollary  i.    Two  intersecting  planes  cannot  both  be  parallel 

to  a  third  plane. 
Corollary  2.    Two  planes   parallel  to   a  third  plane   are 
parallel  to  each  other. 
Definition.    Prismatic  surface. 

Prismatic  space — convex,  concave,  cross. 

Edges,  lateral. 

Faces. 

Transverse  section,  right,  oblique. 

Prism— oblique. 

Bases  and  base  edges. 

Triangular  prism,  square  prism,  pentagonal, n^ 

gonal. 
Proposition  10.    Parallel  transverse  sections  of  a  prismatic  space 
are  congruent  polygons. 
Corollary  i.    The  bases  of  a  prism  are  congruent. 
Corollary  2.    The  lateral  edges  of  a  prism  are  equal. 
Corollary  3.    The  lateral  edges  of  a  prism  are  parallel. 
Corollary  4.    The  faces  of  a  prism  are  parallelograms. 
Proposition  11.    Only  one  line  can  be  perpendicular  to*  a  given 
plane  at  a  given  point  in  it  or  from  a  given 
point  outside  it. 
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Corollary.    Two  lines  perpendicular  to  the  same  plane  are 
parallel. 
Definition.    Right  section  of  a  prism. 
Right  prism. 
Altitude. 
Lateral  area. 
Total  area. 
Proposition  12.    The  lateral  area  of  a  prism  is  equal  to  the  prod- 
uct of  the  perimeter  of  a  right  section  and  a 
lateral  edge. 
Corollary  i.    The  lateral  area  of  a  right  prism  is  equal  to 
the  product  of  its  altitude  and  perimeter  of  its 
base. 
Corollary  2.    The  total  area  is  equal  to  the  sum  of  the  lateral 
area  and  twice  the  base. 
Definition.    Curved  surface. 

A  cylindrical     !rface. 
Generatrix. 
Directrix. 
Element. 

Cylindrical  space. 
Transverse  section. 
Right  section. 

Cylinder— oblique,  right,  circular. 
Cylinder  of  revolution. 
Cylinder — convex,  concave,  cross. 
Proposition  13.    Parallel  transverse  sections  of  a  cylindrical  space 
are  congruent. 
Corollary  i.    The  bases  of  a  cylinder  are  congruent. 
Corollary  2.    The  elements  of  a  cylinder  are  equal. 
Corollary  3.    Every  plane  section  of  a  cylinder  containing 
an  element  is  a  parallelogram. 
Propofdtion  14.    The  lateral  area  of  a  cylinder  is  equal  to  the 
product  of  the  perimeter  of  a  right  section  and 
an  element. 
Corollary  i.    The  lateral  area  of  a  cylinder  of  revolution  is 
equal  to  the  product  of  the  circumference  of 
its  base  and  its  altitude. 
Corollary  2.    The  total  area  of  a  cylinder  is  equal  to  the 
sum  of  the  lateral  area  and  twice  the  base. 
Definition.    Similar  cylinders  of  revolution. 
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PropoiMoii  15.    The  lateral  areas,  or  total  areas,  of  similar  cylin- 
ders  of  revolution  are  to  each  other  as  the 
squares  of  their  radii,  or  as  the  squares  of  their 
altitudes. 
Definition.    Pyramidal  surface. 
Pyramidal  space. 
Edges. 
Faces. 
Vertex. 

Transverse  section. 
Pyramid. 
Base. 
Vertex. 
Altitude. 

Frustum  of  a  pyramid 
Proposition  16.    Parallel  transverse  sections  of  a  pyramidal  space 
are  similar.  j^ 

Q>rollary  i.    Parallel  transverse  sections  of  a  pyramid  di- 

vide  edges  and  altitude  proportionally. 
Q>rollary  2.    In  pyramids  having  equal  bases  and  equal 
altitudes,  transverse  sections  parallel  to  the 
bases,  and  equidistant  from  them,  are  equal; 
in  those  having  congruent  bases  these  sections 
are  congruent 
Corollary  3.    The  bases  of  a  frustum  of  a  pyramid  are 
similar. 
Definition.    Regular  pyramid. 

Slant  height  of  a  regular  pyramid. 
Slant  height  of  a  frustum  of  a  regular  pyramid*.- 
Proposition  17.    The  lateral  area  of  the  frustum  of  a  regular 
pyramid  equals  one  half  the  product  of  its 
slant  height  and  the  sum  of  the  perimeters  of 
its  bases. 
Corollary  i.    The  lateral  area  of  a  regular  pyramid  equals 
one  half  the  product  of  its  slant  height  and  the 
perimeter  of  its  base. 
Corollary  2.    The  total  area  of  a  frustum  of  a  regular  pyra- 
mid is  equal  to  one  half  the  product  of  the  siunr 
of  the  perimeters  of  its  bases  and  its  slant 
height,  increased  by  the  sum  of  its  bases. 
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Dtflottioii.    Conical  surface. 
Directrix. 
Generatrix. 
Vertex. 

Nappes  (upper,  lower). 
Conical  space. 
Transverse  section. 
Cone. 

Base,  vertex,  altitude,  slant  height 
Circular  cone.  ^ 

Axis. 

Right  circular  cone. 
Oblique  circular  cone. 
Inscribed  pyramid. 
Propofttton  18.    Parallel  transverse  sections  of  a  conical  space  are 
similar. 
Corollary.    Plane  sections  parallel  to  the  base  of  a  areolar 
cone  are  circles. 
Proposition  19.    The  lateral  area  of  a  frustum  of  a  right  circu- 
lar cone  equals  one  half  the  product  of  the 
slant  height  and  the  sum  of  the  circumference 
of  its  bases. 
Corollary  i.    The  lateral  area  of  a  right  circular  cone  equals 
one  half  the  product  of  its  slant  height  and  the 
circumference  of  its  base. 
Corollary  2.    The  lateral  area  of  a  frustum  of  a  cone  of  rev- 
olution is  equal  to  the  product  of  the  circum- 
ference of  the  midsection  and  its  slant  height. 
Corollary  3.    The  lateral  area  of  a  frustum  of  a  cone  equals 
the  product  of  the  height  and  the  circumfer- 
ence of  a  circle  whose  radius  equals  the  sect 
of  the  perpendicular  to  the  slant  height  at  its 
midpoint,  terminated  by  the  axis. 

SECTION  II. 

Perpendiculars,  and  the  Measurement  op  Dihedral  Angles. 

Proposition  20.  If  a  straight  line  is  perpendicular  to  each  of  two 
intersecting  lines  it  is  perpendicular  to  the  plane 
of  those  lines. 
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DeflnitioiL    Pencil  of  planes. 
Axis. 

Dihedral  angle. 
Edges. 
Faces. 

Plane  angle  of  a  dihedral  angle. 
Proposition  21.    Two  dihedral  angles  having  equal  plane  angles 
are  equal,  and  conversely. 
Dihedral  angles  compare  as  their  plane  angles. 
Dihedral  angles  are  measured  by  their  plane 
angles. 

If  a  straight  line  is  perpendicular  to  a  plane 
any  plane  containing  that  line  will  be  perpen- 
dicular to  the  plane. 

If  in  one  of  two  perpendicular  planes  a  line 

be  drawn  perpendicular  to  their  intersection,  it 

is  perpendicular  to  the  other. 

If  two  planes  are  perpendicular  to  each  other, 

a  straight  line  drawn  from  any  point  in  one, 

perpendicular  to  the  other,  lies  in  the  first. 

If  two  planes  are  perpendicular  to  a  third 

their  intersection  is  perpendicular  to  the  third. 

Every  point  in  the  plane  bisecting  a  dihedral  angle 

is  equidistant  from  the  faces  of  the  angle. 
The  locus  of  a  point  equidistant  from  two  inter- 
secting planes  consists  of  the  planes  which  bi- 
sect the  dihedral  angles  formed  by  the  two  in- 
tersecting planes. 


Corollary  i. 
Corollary  2. 

Corollary  3. 


Corollary  4. 


Corollary  5. 


Corollary  6. 


Proposition  22. 


Corollary. 


SECTION  III. 

POLYHEDRAI.  ANGLES  AND  THE  SPHERICAL  POLYGON. 

Definition.    Sphere. 

Sphere  surface. 

Center,  radius,  diameter. 

Plane  section. 
Proposition  23.    The  plane  section  of  a  sphere  is  a  circle. 
Definition.    Great  circle. 

Small  circle. 

Arc,  quadrant 

Axis  of  a  circle. 

Poles  of  a  circle. 
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Corollary  i.    The  axis  of  a  circle  passes  through  its  carter. 
Corollary  2.    The  diameter  of  a  sphere  through  the  center 

of  a  circle  is  the  axis  of  that  drdc- 
Corollary  3.    Circles  on  the  same  sphere  equidistant  from 

the  center  are  equal  and  conversely. 
Corollary  4.    Circles  on  the  same  sphere  unequally  distant 
from  the  center  are   unequal  in  the  opposite 
order,  and  conversely. 
Corollary  5.    Great  circles  on  the  same  sphere  are  equal 
DefinittoA.    Polyhedral  or  solid  angles. 
Edges. 

Faces ;  face  angles. 
Naming  solid  angles. 
Congruent  polyhedral  angles. 
Symmetric  polyhedral  angles. 
Opposite  polyhedral  angles. 
Propo8iiio&  84.    In  atiy  trihedral  angle  the  sum  of  any  two  face 
angles  is  greater,  and  their  difference  is  less 
than  the  third  face  angle. 
DefinitioA.    Spherical  polygon. 

Opposite  spherical  polygons. 
Symmetric  spherical  polygons. 
Vertices  of  a  spherical  polygon. 
Angles  of  a  spherical  polygon. 
Sides  of  a  spherical  polygon. 
Corollary.     In  any  spherical  triangle  the  sum  of  any  two 
sides  is  greater,  and  their  difference  less  than 
the  third  side. 
Proposition  25.    The  sum  of  the  face  angles  of  any  convex  poly- 
hedral angle  is  less  than  a  perigon. 
Corollary  i.     In  any  convex  spherical  polygon,  the  sum  of 
the  sides  is  less  than  a  circumference. 
Definition.    Polyhedron ;  regular  convex. 

Corollary  2.  There  are  only  five  regular  convex  polyhe- 
drons. 
Proposition  26.  Two  trihedral  angles  are  congruent  or  symmetric 
if  two  face  angles  and  the  included  dihedraf 
angle,  or  two  dihedral  angles  and  the  included 
face  angle,  or  three  face  angles  of  one  are 
equal  to  two  face  angles  and  the  included  di- 
hedral angle,  or  two  dihedral  angles  and  the 
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included  face  angle,  or  three  face  angles  of 
the  other. 
Corollary.  Two  spherical  triangles  on  the  same  or  equal 
spheres  are  congruent  or  symmetric  if  two 
sides  and  the  included  angle,  or  two  angles 
and  the  included  side,  or  three  sides  of  one 
are  equal  to  two  sides  and  the  included  angle^ 
or  two  angles  and  the  included  side,  or  tliree 
sides  of  the  other. 

Proposition  27.  If  each  of  two  points  (not  the  extremities  of  a 
diameter)  are  a  quadrant's  distance  from  a 
third  point  on  the  surface  of  a  sphere,  this 
third  point  is  the  pole  of  the  great  circle  through 
the  first  two  points. 

Definition.    Measurement  of  distance  on  the  surface  of  a  sphere. 
Polar  distance. 

Proposition  28.    All  points  on  the  circumference  of  a  circle  are 
equidistant  from  the  pole  of  that  circle. 
Corollary.    The  polar  distance  of  a  great  circle  is  a  quad- 
rant. 

Definition.    Polar  triangle. 

Proposition  29.  If  one  spherical  triangle  is  the  polar  triangle  of 
a  second,  the  second  is  the  polar  triangle  of  the 
first 

Proposition  30.  Any  angle  of  a  spherical  triangle  is  measured  by 
the  supplement  of  the  opposite  side  of  its 
polar  triangle. 
Corollary  i.  The  sum  of  the  angles  of  a  spherical  triangle 
is  greater  than  one,  and  less  than  three  straight 
angles. 
Corollary  2.  The  sum  of  the  dihedral  angles  of  a  trihedral 
angle  is  greater  than  one  and  less  than  three 
straight  angles. 

SECTION  IV. 

Spherical  Surfaces. 

Proposition  31.    The  area  of  the  surface  of  a  sphere  is  equal  to 

that  of  four  great  circles. 
Definition.    Zone. 

Bases  of  a  zone. 
Altitude  of  a  zone. 
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Corollary  i.    The  area  of  a  zone  is  equal  to  the  product  of 
its  altitude  and  the  circumference  of  a  great 
circle. 
Corollary  2.    Areas  of  the  surfaces  of  spheres  compare  as 
the  squares. of  their  radii :  those  of  zones  as  the 
product  of  their  altitudes  and  radii. 
Definition.    Bi-rectangular  triangle. 
Tri-rectang^lar  triangle. 
Lune. 
Propoution  32.    The  area  of  the  surface  of  a  sphere  is  equal  to 
that  of  eight  tri-rectangular  triangles:  that  of 
'  a  lune  to  twice  the  product  of  its  angle  and  the 
area  of  a  tri-rectangular  triangle. 
PropoBition  33.    Symmetric   triangles   on   the   same   sphere   are 

equivalent 
DefinitioiL    Spherical  excess  of  a  polygon. 

Proposition  34.  The  area  of  a  spherical  triangle  is  equal  to  the 
product  of  its  spherical  excess  and  the  area 
of  a  tri-rectangular  triangle. 


SECTION  V. 
Volumes. 
Proposition  35.    Prisms  cut  from  the  same  prismatic  space  and 
having  equal  lateral  edges  are  equal. 
Corollary  i.    An  oblique  prism  is  equal  to  a  right  prism 
whose  base  and  altitude  are  a  right  section  and 
lateral  edge  of  the  oblique  prism. 
Corollary  2.    Right  prisms  having  equal  altitudes  and  con- 
gruent bases  are  congruent. 
Definition.    Parallelopiped ;  right,  rectangular. 

Corollary  3.    An    oblique    parallelopiped    is    equal    to    a 
rectangular  parallelopiped  having  equal  base 
and  equal  altitude. 
Proposition  36.    Rectangular  parallelopipeds  having  equal  bases 

compare  as  their  altitudes. 
Proposition  37.    Rectangular  parallelopipeds  having  equal  alti- 
tudes compare  as  their  bases. 
Proposition  38.    Any  two  rectangular  parallelopipeds  compare  as 
the  products  of  their  three  dimensions. 
Corollary  i.    The  volume  of  a  rectangular  parallelopiped  is 
equal  to  the  product  of  its  base  and  altitude. 
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Corollary  2.    The  volume  of  any  parallelopiped  is  equal  to 

the  product  of  its  base  and  altitude. 
Corollary  3.    The  volume  of  any  parallelopiped  is  equal  to 
the  product  of  a  right  section  and  a  lateral 
edge. 
Proposition  39.    A  plane  passed  through  two  diagonally  opposite 
edges  of  a  parallelopiped  divides  it  into  two 
equal  triangular  prisms. 
Corollary  i.    The  volume  of  a  triangular  prism  is  equal  to 

the  product  of  its  base  and  altitude. 
Corollary  2.    The  volume  of  any  prism  is  equal  to  the  prod- 
uct of  its  base  and  altitude. 
Corollary  3.    Prisms  of  equal  bases  compare  as  their  alti- 
tudes; of  equal  altitudes,  as  their  bases;  of 
neither  equal  bases  nor  altitudes,  as  the  prod- 
ucts of  their  bases  and  altitudes. 
Corollary  4.    The  volume  of  a  cylinder  is  equal  to  the  prod- 
uct of  its  base  and  altitude. 
Pyramids  of  equal  bases  and  altitudes  are  equal. 
I.    The  volume  of  a  triangular  pyramid  is  equal 
to  one  third  the  product  of  its  base  and  altitude. 
The  volume  of  any  pyramid  is  equal  to  one 
third  the  product  of  its  base  and  altitude. 
Pyramids  of  equal  bases  compare  as  their  al- 
titudes ;  of  equal  altitudes,  as  their  bases. 
Definition.    Frustum  of  a  pyramid. 
Frustum  of  a  cone. 
Corollary  4.    The  volume  of  a  frustum  of  a  triangular  pyra- 
mid is  equal  to  the  product  of  one  third  its 
altitude  and  the  sum  of  its  bases  and  a  mean 
proportional  between  its  bases. 
Corollary  5.    The  volume  of  the  frustum  of  any  pyramid  is 
equd  to  the  product  of  one  third  its  altitude 
and  the  sum  of  its  bases  and  a  mean  propor- 
tional between  its  bases. 
Corollary  6.    The  volume  of  a  frustum  of  a  cone  is  equal 
to  one  third  the  product  of  its  altitude  and  the 
sum  of  its  bases  and  mean  proportional  between 
its  bases. 
Corollary  7.    The  volume  of  a  cone  is  equal  to  one  third  the 
product  of  its  base  and  altitude. 


Proposition  40. 

Corollary 


Corollary  2. 
Corollary  3. 
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Definition.    Truncated  prism. 

Corollary  8.    The  volume  of  a  truncated  triangular  prism 
is  equal  to  the  sum  of  three  pyramids  having 
as  bases  that  of  the  prism,  and  as  vertices  the 
vertices  of  the  section  of  the  prism. 
Definition.    Spherical  sector,  base,  altitude. 
Spherical  cone. 
Spherical  pyramid. 
Spherical  segment,  bases,  altitude. 
Spherical  wedge  or  ungula. 
Proposition  41.    The  volume  of  a  sphere  is  equal  to  one  third  the 
product  of  its  surface  and  radius. 
Corollary.    The  volumes  of  spherical  sectors,  cones,  pyra- 
mids, and  wedges  are  equal  to  one-third  die 
product  of  their  respective  bases  and  the  radius 
of  the  sphere. 
Propofldtion  42.    The  volume  of  a  spherical  segment  is  equal  to 
one  half  the  product  of  its  altitude  and  the 
sum  of  its  bases  increased  by  the  volume  of  a 
sphere  having  as  diameter  the  altitude  of  the 
segment. 


THE  PIEDMONT  SEGION. 

That  part  of  the  Carolinas  which  lies  immediately  southeast  of  the 
Blue  Ridge,  in  what  is  known  as  the  Piedmont  region,  has  long  been  of 
both  scientific  and  commercial  importance,  largely  on  account  of  the 
variety  and  abundance  of  its  minerals.  In  fact,  in  the  number  of  its 
mineral  species  North  Carolina  is  said  to  surpass  any  other  state  in  the 
Union,  and  a  great  variety  of  minerals  has  been  found  in  South  Carolina. 
Mining  in  this  region  dates  back  from  the  time  of  settling  of  America, 
and  early  Spanish  and  English  accounts  of  the  discovery  and  recovery  of 
metals  are  numerous.  The  principal  mineral  resource  is  gold.  Iron  has 
been  mined  to  a  considerable  extent  and  within  recent  years  the  monazite 
industry  has  attained  some  importance.  Besides  these  materials,  tin,, 
copper,  lead,  manganese,  pyrite,  mica,  barite,  corundum,  clay,  limestone; 
and  granite  are  or  have  been  found  and  worked  to  some  extent 
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OUMATIO  VARIATION  IN  CALIFORNIA. 

By  James  F.  Chamberlain, 
State  Normal  School,  Los  Angeles,  Cal, 

Each  morning  at  eight  o'clock  (Washington  time)  trained  ob- 
servers in  some  two  httndred  weather  bureau  stations  in  all  parts 
of  the  United  States  carefully  observe  and  record  the  condition 
of  the  weather.  Within  a  few  hours  a  map  showing  the  exist- 
ing conditions,  and  giving  a  forecast  for  the  thirty-six  hours  im- 
mediately following,  is  mailed  to  interested  persons  in  every  state 
and  large  city  in  the  Union.  In  addition,  the  local  forecast  is 
published  in  more  than  two  thousand  daily  papers,  and  much  in- 
formation IS  sent  out  by  telegraph  and  telephone.  This  is"  a 
striking  illustration  of  our  interest  in  weather  conditions.  Ex- 
pensive as  is  this  work,  the  saving  of  life  and  property  resulting 
from  it  is  so  great  that  no  well-informed  person  doubts  the  wis- 
dom of  the  expenditure. 

An  unseasonable  frost  may  injure  the  com  crop  to  the  extent 
of  hundreds  of  thousands  of  dollars.  A  blizzard  may  work  havoc 
on  the  cattle  ranches  of  the  Northwest.  The  rapid  melting  of  snow 
on  the  Rocky  Mountains,  due  to  the  passing  of  a  warm  wave,  may 
cause  a  destructive  flood  in  the  Mississippi  River.  These  are  a 
few  of  the  important  ways  in  which  weather  changes  influence 
our  lives.  In  countless  minor  ways  our  daily  actions  and  feelings 
are  shaped  by  the  atmospheric  conditions  that  surround  us. 

Climate,  which  is  but  the  average  condition  of  weather,  has 
ever  been  the  most  vital  factor  in  man's  physical  environment. 
Primitive  man  is  almost  at  the  mercy  of  climate,  and  the  most 
highly  civilized  of  human  beings  can  never,  in  any  large  measure, 
escape  from  its  direct  or  indirect  control. 

The  more  complex  society  becomes,  the  more  far-reaching  are 
the  effects  of  climate.  A  long-continued  drought  causing  a  par- 
tial failure  of  the  wheat  crop  in  the  United  States,  Russia,  Canada, 
India,  or  Australia,  reacts  unfavorably  upon  the  people  of  the 
British  Isles.  The  southward  extension  of  a  cold  wave  damaging 
the  cotton  crop  in  the  South  is  a  direct  loss  to  the  people  of  sev- 
eral European  countries.  A  serious  flood  in  China  means  a 
falling  off  in  the  exports  of  other  countries  to  this  land.  With 
improved  transportation  facilities,  people  now  travel  thousands  of 
miles  to  enjoy,  even  temporarily,  such  climatic  conditions  as  ap- 
peal to  them. 

That  climate  is  subject  to  considerable  changes  within  the 
ordinary  span  of  human  life,  is  a  very  common  belief.    Elderly 
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people  are  very  prone  to  assume  that  the  climate  is  quite  differ- 
ent from  what  it  was  in  the  days  of  their  youth.  It  is  frequently 
stated  that  rainfall  in  California  is  decreasing,  and  in  proof  of 
this  assertion  it  is  pointed  out  that  small  streams  do  not  now  flow 
for  so  large  a  part  of  the  year  as  they  formerly  did. 

The  prosperity  of  Great  Britain  is, founded  upon  her  coal  sup- 
plies ;  Sweden  depends  largely  upon  lumber ;  Cuba  upon  sugar  and 
tobacco,  but  California,  to  an  unusual  d^^ee,  depends  upon 
climate.  This  applies  not  simply  to  the  products  of  the  soil,  but 
to  human  enjoyment  as  well.  The  tremendous  increase  in  popu- 
lation during  the  last  decade  (sixty  per  cent)  is  due  primarily  to 
cUmatic  conditions.  If  the  climate  of  California  is  undergoing 
material  change,  then  this  prosperity  may  be  but  temporary,  and 
some  of  the  great  projects  under  way  will  be  of  slight  advantage. 
It  is,  therefore,  of  especial  importance  that  accurate  information 
concerning  climatic  conditions  be  made  public 

Beginning  with  the  year  1894,  Los  Angeles  and  vicinity  ex- 
perienced the  longest  period  of  drought  that  has  occurred  in  this 
section  since  the  establishment  of  the  Weather  Bureau  Service  in 
Los  Angeles  in  the  year  1877.  Before  the  drought  came  to  2 
close  there  was  a  shortage  of  water.  As  a  consequence  the  price 
of  hay  and  grain  rose.  Many  horses  were  given  away  or  killed 
because  their  owners  could  not  afford  to  feed  them.  Quite  nat- 
urally many  people  came  to  the  conclusion  that  the  climate  was 
becoming  more  arid. 

In  December,  1904,  Mr.  Charles  M.  Hatfield  contracted  with 
certain  business  men  of  the  city  of  Los  Angeles  to  produce  eigh- 
teen inches  of  rain  between  December  15,  1904,  and  May  i,  1905. 
Mr.  Hatfield's  experiments  were  carried  on  at  the  Esperanza 
Sanitorium  just  north  of  Pasadena.  During  the  period  mentioned, 
the  precipitation  in  Los  Angeles  amounted  to  1743  inches,  while 
the  mean  for  the  same  period  is  13.08  inches. 

In  the  month  of  November,  1904,  water  began  to  escape  from 
the  canals  in  Imperial  Valley  and  flow  into  Salton  Sink.  In 
October,  1905,  practically  the  full  flow  of  the  Colorado  was  di- 
verted into  this  ancient  basin.  During  the  year  1905  Arizona's 
precipitation  amounted  to  26.6  inches,  being  14.85  inches  in  ex- 
cess of  the  average.  During  1906  the  precipitation  was  above  the 
average  in  Arizona  and  in  southern  California  also.  The  belief 
that  Salton  Sea,  a  body  of  water  which  in  1906  was  about  sixty 
miles  long,  eight  miles  wide,  and  had  an  average  depth  of  twenty- 
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five  feet,  had  caused  this  more  than  average  rainfall,  was  quite 
general. 

Our  problem  is  to  determine  to  what  extent  the  climate  of  Cal- 
ifornia has  varied  during  the  period  covered  by  the  work  of  the 
weather  bureau.  As,  owing  to  our  relation  to  the  prevailing 
winds  and  the  Pacific  Ocean,  there  can  be  little  variation  in  tem- 
perature from  season  to  season,  and  from  year  to  year  this  phase 
of  the  problem  is  practically  eliminated.  Most  of  the  essential 
facts  brought  out  in  th^  text  are  represented  graphically.  I  have 
attempted  to  answer  the  following  questions : 

First :  Is  the  annual  precipitation  in  California  undergoing  any 
regular  variation? 


ANNUAL  RAINFALL    AT  LOS  ANCELES  1878-HII 


j^-b  ]l^»  ;^  *v  *i -^i.  ^o  v»  rv.Bo  x^^  >* 
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As  has  been  pointed  out,  a  Weather  Bureau  Service  has  been 
maintained  in  Los  Angeles  since  1877.  Figure  i  shows  that  the 
average  annual  precipitation  for  the  period  covered,  thirty-four 
years,  is  15.86  inches.  The  maximum  annual  rainfall  occurred 
in  1884,  amounting  to  40.29  inches.  The  minimum,  4.83  inches, 
fell  in  1898.  During  the  thirty- four  year  period  the  variation  was, 
therefore,  24.44  inches,  or  about  one  and  one-third  times  the  av- 
erage for  the  year. 

While  this  range  is  considerable,  it  is  to  be  noted  that  but 
twice  during  the  period  did  the  annual  rainfall  exceed  twenty-five 
inches — in  1884  and  in  1889.  During  five  years  only  has  the 
yearly  rainfall  been  less  than  ten  inches — ^in  1881,  1894,  1898, 
1899,  and  1910.  During  twenty-four  of  the  thirty-four  years  the 
variation  was  less  than  thirty  per  cent  of  the  average  annual  rain- 
fall. 

Taking  the  average  for  ten  year  periods  we  find  that  the  first 
decade  registers  17.09  inches,  the  second  16.64,  2ind  the  third 
13.25  inches.  The  average  for  the  third  decade  when  compared 
with  the  mean  annual  rainfall  shows  a  decrease  of  about  thirteen 
per  cent.  When  it  is  kept  in  mind  that  the  first  decade  includes 
the  two  wettest  years  of  which  we  have  any  record,  and  that  the 
third  decade  includes  the  year  1910,  during  which  the  precipita- 
tion exceeded  the  minimum  for  the  thirty-four  year  period  by  but 
,06  of  an  inch,  the  decrease  loses  much  of  its  force. 

The  graph  further  shows  that  to  a  certain  extent  there  is  a 
grouping  of  wet  and  dry  years.  The  years  1878,  1879,  2tnd  1880 
may  be  classed  as  wet,  while  1881,  1882,  and  1883  were  dry  years. 
Again  1886,  1887,  1888,  and  1889  were  wet  years,  while  1894  to 
1904,  inclusive,  were  dry  years.  The  years  ^905,  1906,  1909,  and 
1911  were  wet. 

The  eleven  year  period  of  drought,  the  excessively  wet  years 
of  1884  and  1889,  and  the  unusually  dry  years  of  1898  and  1910 
are  the  most  striking  facts  brought  out.  In  spite  of  this  it  is 
evident  that  the  decrease  in  rainfall  at  Los  Angeles  has  been  very 
slight,  and  might  with  some  reason  be  called  accidental. 

Weather  conditions  have  been  recorded  in  San  Diego  for  a 
period  of  sixty-two  years.  Figure  2  shows  that  the  average  annual 
rainfall  for  that  period  is  9.54  inches.  The  maximum,  which  oc- 
curred in  1884,  is  27.57  inches.  The  minimum,  3.02  inches,  fell 
in  1863.  In  this  case  the  range  is  more  than  twice  the  yearly 
average. 

For  the  first  decade  the  average  is  8.74  inches ;  for  the  second, 
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9.65 ;  for  the  third,  8.98;  for  the  fourth,  11.98;  for  the  fifth,  8.14^ 
and  for  the  sixth,  10.13.  So  far  as  this  period  of  sixty-two  years 
is  concerned,  there  is  thus  positive  proof  that  the  annual  precipi- 
tation at  San  Diego  is  not  decreasing.  It  will  be  observed  that 
there  is  a  regular  alternation  of  the  ten  year  average,  below  and 
above  the  mean  annual  precipitation. 
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The  records  furnished  by  the  Weather  Bureau  Service  at  San 
Francisco  cover  a  period  of  sixty-two  years.  As  shown  by  Figure 
3  the  mean  annual  rainfall  is  22.83  inches.  Dividing  the  period 
into  decades,  we  find  that  the  average  annual  precipitation  for 
the  first  ten  year  period  is  21.84  inches  ;  for  the  second,  26.58;  for 
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the  third,  22.93;  for  the  fourth,  25.06;  for  the  fifth,  20.51;  and 
for  the  sixth,  21.05.  The  maximum  ten  year  average  is  about 
ten  per  cent  greater  than  the  mean  annual  rainfall,  while  the 
minimum  ten  year  average  is  about  ten  per  cent  less  than  the 
mean  annual.  The  figures  show  definitely  that  there  has  been 
neither  a  regular  increase  nor  decrease  in  precipitation. 

Sacramento  furnishes  a  record  of  the  weather  covering  a  period 
of  sixty-two  years,  the  mean  annual  precipitation  being  19.41 
inches.  The  average  by  decades  is  as  follows :  18.05  inches,  20.55 
inches,  17.91  inches,  21.74  inches,  18.83  inches,  19.95  inches.  It 
is  interesting  to  note  that  the  average  for  the  ten  year  periods 
has  regularly  alternated  above  and  below  the  mean  annual.  As 
in  the  case  of  Los  Angeles,  the  wettest  ten  year  period  was  that 
from  1880  to  1889.  The  maximimi  ten  year  average  is  about  ten 
and  one-half  per  cent  greater  than  the  mean  annual,  while  the 
minimum  ten  year  average  is  about  ten  per  cent  less  than  the 
mean  annual. 

At  Stockton  a  record  has  been  kept  since  1867,  the  mean  annual 
precipitation  for  the  period  being  14.63  inches.  By  decades  the 
averages  are  as  follows:  First,  14.60  inches;  second,  13.90  inches; 
third,  14.33  inches,  and  fourth,  15.01  inches.  In  this  case  no  ten 
year  average  departs  from  the  mean  by  so  much  as  ten  per  cent. ' 
It  seems  safe  to  draw  the  conclusion  that  California  is  not  tend- 
ing toward  increased  aridity. 

Second :  Is  the  occurrence  of  heavy  rains  before  the  beginning 
of  the  rainy  season,  followed  by  a  light  seasonal  rainfall?  This 
question  is  very  commonly  answered  in  the  affirmative.  In  south- 
em  California  the  months  from  November  to  April,  inclusive, 
constitute  the  rainy  season.  In  fact,  ninety-six  per  cent  of  the 
seasonal  precipitation  occurs  during  this  period. 

The  average  September  rainfall  in  Los  Angeles  is  .13  inches. 
In  September,  1889,  *e  rainfall  at  Los  Angeles  was  .33  inches, 
and  the  seasonal  precipitation  34.84  inches,  or  more  than  twice 
the  mean.  In  September,  1894,  rain  fell  to  the  amount  of  .73 
inches,  while  the  seasonal  fall  amounted  to  16. 11  inches.  During 
September,  1903,  the  precipitation  registered  .43  inches,  and  that 
for  the  season  amounted  to  8.72  inches.  The  rainfall  in  Sep- 
tember, 1908,  was  1.22  inches,  while  the  seasonal  fall  was  19.18 
inches.  During  the  thirty-four  years  covered  by  the  records  of 
the  Weather  Bureau  Service  there  were  but  four  excessively  wet 
Septembers,  and  three  of  these  were  followed  by  seasons  having 
a  rainfall  above  the  normal. 
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The  mean  October  rainfall  in  Los  Angeles  is  .72  inches.  In 
1883  the  October  precipitation  amounted  to  142  inches,  while 
that  for  the  season  was  38.18  inches.  During  October,  1889,  ^^ 
precipitation  was  6,96  inches,  or  nine  times  the  mean  for  the 
month,  while  during  the  season  34.84  inches  of  rain  fell.  The 
October  rainfall  in  1897  was  2.47  inches  and  the  seasonal  7,06 
inches.  There  fell  during  October,  1889,  rain  to  the  amount  of 
1.59  inches,  while  during  the  season  the  fall  registered  7.91  inches. 
For  1901  the  figures  are  1.88  inches  and  10.60  inches.  Thus  three 
excessively  wet  Octobers  were  followed  by  seasons  having  less 
than  the  normal  rainfall,  and  two  were  followed  by  seasons  hav- 
ing more  than  the  normal  rainfall.  There  is  apparently  no  ground 
for  the  assertion  that  early  rains  are  followed  by  a  dry  season. 

Third:  Has  the  Salton  Sea  increased  the  rainfall  in  southern 
California? 

The  area  of  Salton  Sea  was  in  1906,  approximately  480  square 
miles,  or  307,200  acres.  This  area  was  covered  to  the  average 
depth  of  twenty-five  feet.  This  volume  of  water  would  cover  7,- 
680,000  acres  to  the  depth  of  one  foot,  or  92,160,000  acres  to  the 
depth  of  one  inch.  The  area,  of  southern  California  is,  in  round 
numbers,  50,000  square  miles,  or  32,000,000  acres.  If  Salton  Sea 
had  in  1906  been  completely  evaporated,  the  water  vapor  con- 
densed, and  the  rain  equally  distributed  over  southern  California, 
it  would  have  added  about  three  inches  to  the  seasonal  rainfalL 
So  far  as  Salton  Sea  is  concerned  there  would  thus  have  been 
nothing  left  to  account  for  the  more  than  mean  seasonal  precipita- 
tion of  1907,  1909,  and  191 1. 

As  the  prevailing  winds  blow  from  the  ocean  over  southern 
California,  it  is  evident  that  Salton  Sea  can  have  no  appreciable 
effect  upon  the  rainfall  of  the  area.  So  far  as  the  position  of  the 
state  is  concerned,  the  rainfall  in  Arizona  might  be  increased  by 
Salton  Sea,  but  the  insignificance  of  this  body  of  water  as  a  factor 
in  determining  the  precipitation  has  been  fully  shown  by  Alfred 
J.  Henry  in  the  National  Geographic  Magazine,  Volume  18,  pages 
244-248. 

Fourth :  Has  the  removal  of  forests  in  California  caused  a  de- 
crease in  rainfall? 

That  deforestation  in  California  and  elsewhere  has  resulted  in 
a  decrease  in  precipitation  is  very  generally  believed.  It  is  esti- 
mated that  44,000  acres  of  timber  have  been  cut  in  the  region 
tributary  to  Eureka  since  the  establishment  of  the  Weather  Bureau 
Service  there.     The  mean  annual  rainfall  at  Eureka  is  45.55 
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inches.  By  decades  since  1887  the  precipitation  has  averaged 
47.23  and  45.20  inches.  Here  we  have  a  decrease,  yet  in  1909 
there  fell  more  than  sixty-one  inches  of  rain. 

At  Crescent  City,  about  sixty  miles  from  Eureka,  the  average 
annual  rainfall  for  the  period  of  1886-1910  is  69.41  inches.  For 
the  first  decade  the  average  is  69.84  inches,  and  for  the  second, 
76.74.    In  this  case  an  increase  is  shown. 

Willits  is  in  a  region  where  an  immense  amount  of  timber  has 
been  cut.  The  mean  annual  rainfall  for  a  period  of  twenty-nine 
years  is  54.67  inches.  Taking  nine  year  periods  the  rainfall  av- 
erages 48.75,  55.04,  and  59.52  inches. 

A  record  of  the  rainfall  has  been  kept  at  Georgetown,  El 
Porado  County,  for  thirty-eight  years.  The  mean  for  this  period 
is  58.62  inches.  The  average  rainfall  for  nine  year  periods  is 
58.36,  S4-83,  59-34,  and  57.32  inches. 

The  mean  annual  rainfall  at  Red  Bluff  for  a  period  of  thirty 
years  is  25.61  inches.  The  average  for  the  first  decade  is  2341, 
for  the  second  24.99,  and  for  the  third  2747  inches.  Here,  in 
spite  of  the  removal  of  forests,  the  average  annual  rainfall  has 
increased. 

For  the  period  since  1889  the  mean  annual  precipitation  at 
Sisson  is  39.69  inches.  The  average  for  the  first  decade  is  35.25 
and  for  the  second,  42.41  inches. 

At  Truckee  the  mean  annual  rainfall  is  27.12  inches.  For  the 
first  decade  the  average  is  28.96;  for  the  second,  24.86;  for  the 
third,  27.54;  and  for  a  period  of  eight  years  (the  records  for 
1909  and  1910  being  incomplete)  the  average  is  27.63  inches. 

We  have  here  the  precipitation  records  for  seven  stations,  each 
one  of  which  is  in  a  region  where  deforestation  has  gone  on  ex- 
tensively. Four  show  a  definite  increase  in  rainfall,  in  two  cases 
the  averages  for  groups  of  years  rises  above  and  falls  below  the 
normal,  and  in  but  one  case  is  a  decrease  shown. 

As  applied  to  California,  at  least,  there  appears  to  be  no  ground 
for  the  time-honored  belief  that  the  removal  of  forests  decreases 
rainfall. 

Fifth :  Can  rainfall  in  California  or  elsewhere  be  increased  by 
artificial  means? 

This  is  a  problem  that  has  been  pretty  thoroughly  worked  out 
by  our  government,  many  experiments  having  been  carried  on  in 
various  parts  of  the  Southwest.  The  results  of  these  experiments 
go  to  show  that  precipitation  cannot  be  materially  increased 
through  human  efforts.    In  spite  of  this,  Mr.  Hatfield  found  no 
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difficulty  but  a  few  years  ago  in  entering-  into  an  agreement  with 
Los  Angeles  merchants  to  produce  a  certain  number  of  inches  of 
rain  for  a  specified  sum  of  money.  As  already  stated,  the  precipi- 
tation practically  reached  the  specified  amount,  and  this  bang 
much  above  the  mean  for  the  period,  many  quite  naturally  be- 
lieved that  Mr.  Hatfield  was  responsible-  In  this  connection  it 
is  interesting  to  note  that  the  precipitation  at  Eureka  for  the 
same  period  of  time  was  49.56  inches,  while  the  normal  is  32A) 
inches.  At  San  Diego  the  precipitation  was  13.80  inches,  while 
the  normal  is  7.62  inches.  To  claim  that  the  excess  of  rainfall 
in  the  two  places  named  could  have  been  related  to  the  work  of 
Mr.  Hatfield  is  manifestly  absurd. 

Between  December  24,  1905,  and  March  31,  1906,  Mr.  Hat- 
field operated  under  contract  with  grain  growers  in  Stanislaus 
County.  Giving  Mr.  Hatfield  a  time  advantag^e  of  one  week,  we 
find  that  between  January  i,  1906,  and  March  31,  1906,  there 
fell  in  Los  Angeles  13.67  inches  of  rain,  while  the  normal  for  this 
period  is  but  9.08  inches.  The  precipitation  in  San  Francisco 
amounted  to  13.22  inches,  or  1.45  inches  in  excess  of  the  normal 
for  the  period.  San  Diego  received  an  excess  of  3.10  inches, 
while  in  Eureka  there  was  a  deficiency  of  .72  inches. 

From  November  15,  1906,  until  March  i,  1907,  Mr.  Hatfield 
again  operated  in  Stanislaus  County,  and  more  than  the  average 
amount  of  rain  for  the  period  fell.  During  the  months  of  De- 
cember, 1906,  and  January  and  February,  1907,  the  precipitation 
in  Los  Angeles  amounted  to  13.97  inches,  or  5.09  inches  above  the 
mean.  This  gives  Mr.  Hatfield  an  advantage  amounting-  to  fifteen 
days.  During  the  three  months  the  rainfall  at  San  Francisco 
amounted  to  14.33  inches,  being  1.24  inches  above  the  mean.  For 
the  same  period  San  Diego  received  7.74  inches,  which  exceeded 
the  mean  by  1.19  inches.  At  Eureka  there  was  an  excess  amount- 
ing to  6.26  inches. 

On  November  29,  1910,  Mr.  Hatfield  entered  upon  his  thir- 
teenth contract  to  produce  rain,  again  working  for  the  grain 
growers  of  Stanislaus  and  Merced  Counties.  His  experiments 
closed  April  30,  191 1.  Again  taking  the  four  widely  separated 
stations  of  San  Diego,  Los  Angeles,  San  Francisco,  and  Eureka, 
we  find  that  for  the  given  time  the  precipitation  at  San  Diego  was 
1.28  inches  above  the  mean ;  at  Los  Angeles,  .59  inches  above  the 
mean ;  at  San  Francisco  there  was  an  excess  of  548  inches,  while 
at  Eureka  there  was  a  deficiency  amounting  to  10. 11  inches.  It 
seems  evident  that  rainfall  conditions  in  California  have  not  been 
influenced  by  human  agencies. 
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In  order  still  further  to  test 
climatic  variation  I  have  se- 
lected a  number  of  stations 
and  have  made  a  study  of  their 
rainfall  conditions.  The  places 
were  so  chosen  as  to  secure 
(i)  a  great  latitudinal  range, 

(2)  a  great  altitudinal  range, 

(3)  21  great  variation  in  dis- 
tance from  the  ocean,  (4)  rec- 
ords covering  a  long  period 
of  time.  As  applied  to  all  of 
the  stations  but  Eureka,  the 
records  cover  a  period  of 
thirty  years  or  more.  The  es- 
sential facts  are  represented 
by  Figure  4.  Precipitation 
in  excess  of  the  mean  annual 
is  indicated  by  a  plus,  while 
a  deficiency  of  rainfall  is 
represented  by  a  minus. 

The  graph  shows  that  the 
years  1880,  1884,  1889,  1894, 
1896,  1906,  1907,  1909,  191 1 
were  wet  years.  During  the 
years  1880,  1894,  and  191 1 
seventy  per  cent  of  the  sta- 
tions were  wet.  In  1884  and 
1907  the  per  cent  of  wet  sta- 
tions was  eighty;  in  1889  and 
1906  it  was  ninety,  while  in 
1909  all  of  the  stations  had 
more  than  the  mean  annual  > 

rainfall.  In  1906  Eureka,  the  only  station  of  the  ten  to  register 
less  than  its  normal  rainfall,  had  a  deficiency  amounting  to  but 
.02  inches. 

The  years  1882,  1883,  1885,  1886,  1887,  1891,  1897,  1898,  1900, 
1901,  1908,  and  1910  were  dry.  During  1885  and  1887  the  dry 
stations  numbered  seven;  in  1882,  1883,  1886,  1891,  1897,  and 
1900  there  were  eight ;  in  1901  and  1908  there  were  nine,  while 
in  1898  and  1910  all  of  the  stations  were  dry. 

It  is  interesting  to  note  that  during  twenty-eight  of  the  thirty- 
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two  years  for  which  the  rainfall  is  recorded  in  Figure  4,  San 
Diego  and  Los  Angeles  agree  in  having  either  an  excess  or  a  de- 
ficiency. San  Diego,  Los  Angeles,  and  San  Francisco  agree  dar- 
ing seventeen  of  the  years.  Sacramento  and  Merced  show  an 
agreement  in  twenty-seven  cases. 

The  mean  annual  temperature  at  I^os  Angeles  is  63**  F.  The 
maximum  annual  temperature  for  the  period  covered  by  the  ob- 
servations is  64.9**  for  the  year  1904.  The  minimum  annual 
temperature,  60.3**,  was  recorded  in  1894.  During  seventeen  of 
the  thirty-four  years  for  which  ive  have  a  record,  the  anntal 
temperature  varied  from  the  mean  by  less  than  i**  F. 

It  is  very  evident  that  California  has  suffered  no  appreciable 
change  in  climate  during  the  period   since  the  establishment  of 
the  Weather  Bureau  Service.    Variations  both  in  rainfall  and  in 
temperature  have  occurred,  but  these  have  been  in  both  directions 
from  the  normal.    We  may  expect  years  of  drought  and  years  of 
excessive  rainfall  in  the  future,  just  as  we  have  experienced  them 
in  the  past    There  is  every  reason  to  believe  that  the  laws  that 
have  governed  climatic  conditions  in  California  for  untold  cen- 
turies, will  continue  to  be  operative  for  centuries  to  come.    We 
may  plant  orchards,  erect  public  edifices,  improve  our  harbors, 
and  in  every  way  build  for  the  future,  confident  that  "Golden 
State"  will  continue  to  enjoy  the  climatic  conditions  that  have 
made  it  one  of  the  most  far-famed  regions  of  the  world. 


QUARAlfTININ0  A0AINST  THE  HOOKWORM. 

A  new  and  rather  interesting  phase  of  the  hookworm  problem  has  < 
to  the  front  in  San  Francisco.  After  the  discovery  of  the  wide  prevalence 
of  hookworm  in  the  South,  California,  too,  was  found  badly  afflicted 
with  the  pernicious  parasite.  It  was  known  to  exist  in  the  mines  of  that 
state,  but  recently  has  been  found  prevalent  among  Porto  Rican  and 
Oriental  laborers  who  are  mostly  engaged  in  agricultural  pursuits.  Prob- 
ably one  third  to.  perhaps,  one  half  of  the  immigrants  coming  from  the 
Orient  are  infected  with  the  hookworm;  an  investigation  during  which 
2,255  were  examined  revealed  that  1,077  harbored  the  intestinal  parasite. 
In  San  Francisco  it  has  recently  been  discovered  that  a  number  of  laborers, 
chiefly  from  the  West  Indies,  engaged  in  market-gardening  on  a  tract  of 
land  within  the  city  limits,  are  aflflicted  with  hookworm  and,  on  account 
of  the  danger  of  transmitting  the  parasite  by  uncooked  vegetables,  the 
laborers  have  been  quarantined  and  placed  under  treatment  and  the 
vegetables  from  these  gardens  will  not  be  allowed  to  be  sold  in  the  markets 
until  all  evidence  and  danger  of  hookworm  infection  are  eliminated.  The 
usual  route  of  the  infection  is  through  the  skin  of  the  feet,  but  it  is 
believed  that  uncooked  vegetables  carrying  the  hookworm  eggs  or  larvae 
might  also  be  a  source  of  infection.  This  phase  of  the  question  and  the 
method  of  solving  it  are  rather  novel,  says  The  Journal  of  the  American 
Medical  Association.  Doubtless  similar  conditions  obtain  elsewhere,  and 
the  San  Francisco  plan  will  afford  a  precedent  in  meeting  them. 
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OOICPOUND  HABMONIO  MOTION  APPABATUS. 

By  Cyril  Ruhlmann, 
Spring  Hill  College,  Mobile,  Ala, 

This  apparatus  has  given  excellent  satisfaction,  as  we  may 
judge  from  the  accompanying  figures  produced  by  it. 

There  is  nothing  new  in  the  method  of  suspension,  but  the 
mechanical  device  for  tracing  the  figures  and  making  them  perma- 
nent, I  believe,  to  be  entirely  new.  I  would  be  pleased  to  know 
if  anybody  has  ever  made  use  of  it  before. 


Fia  I. 


The  apparatus  consists  of  a  sixty-pound  cannon  ball  suspended 
from  the  ceiling  by  two  brass  wires.  A  convenient  clamp  that 
holds  the  wires  firmly  and  securely  together  determines  the  ratios 
of  vibrations.  The  clamp  is  of  such  construction  that  it  will 
never  allow  a  wire  to  escape  and  yet  allows  full  freedom  of 
motion  up  or  down  when  the  screw  is  slightly  opened.  A  hole 
is  drilled  into  the  bottom  of  the  ball  and  this  filled  with  a  plug  of 


Digitized  byLjOOQlC 


768 


SCHOOL  SCIENCE  AND  MATHEMATICS 


soft  wood.  Into  this  is  driven  a  ten-inch  piece  of  brass  tubing 
just  large  enough  to  allow  a  pencil  to  slide  up  and  down  very 
freely,  Fig.  I,  but  without  any  undue  side  motion.  If  necessary 
a  thin  collar  may  be  put  on  the  pencil  so  as  to  fill  the  tube.  The 
pencil  is  notched  near  the  point  and  a  trigger  attached  to  the 

end  of  the  tube  prevents 
the  pencil  from  idling, 
and  releases  it  at  will, 
when  the  ball  has  the 
proper  motion,  thus 
avoiding  irr^^ular  and 
oscillatory  tracings  as 
long  as  the  ball  is 
wabbling.  The  pencil. 
Fig.  2,  is  released  when 
the  motion  of  the  ball  is 
entirely  steady.  It  is 
also  advisable  to  do  this 
when  the  two  motions 
are  more  or  less  in  turn- 
ing phase ;  that  is,  when 
the  ball  is  moving  very 
slowly. 

The  figures  are  traced 
by  the  pencil  on  smoked 
paper.  A  soft  pendl 
will  trace  very  slight 
figures  on  white  paper, 
and  this  I  tried  first; 
Fig.  2.  but  the  paper  I  use  in 

connection  with  our  seismograph  gave  me  a  new  idea. 

The  seismograph  records  the  motions  of  the  earth  on  a  belt  of 
smoked  paper  eight  inches  wide  by  thirty  inches  in  length.  These 
papers  are  smoked  over  a  broad  lamp  and  are  made  to  pass  over 
the  smoking  flame  by  means  of  revolving  cylinders.  When  the 
figures  are  traced  on  the  paper,  the  carbon  is  fixed  by  dipping 
the  paper  into  a  solution  of  shellac.  This  pves  you  figures  that 
can  be  kept  for  reference  and  that  show  side  by  side  the  changes 
produced  by  a  change  of  phase. 

The  way  I  get  the  ratios  is  this.  I  first  count  the  exact  num-^ 
ber  of  vibrations  per  minute  of  the  whole  pendulum.  After 
this  I  calculate  the  number  of  vibrations  per  minute  required  to» 
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get  the  ratios  wanted.  Then  I  sit  alongside  the  pendulum,  make 
the  short  end  oscillate  at  right  angles  to  the  long  swing,  and 
lower  or  raise  the  clamp  until  I  get  the  number  of  oscillations 
wanted.  This  may  take  from  ten  to  fifteen  minutes.  The  os- 
cillations are  best  counted  by  holding  a  thin  wire  in  your  hand 
and  allowing  the  ball  to  tbuch  it  at  every  turn,  thus  leaving  your 
eyes  free  to  follow  the  second  hand  of  your  watch. 


For  each  ratio  I  measure  the  height  of  the  clamp  above  the  ball 
and  record  it.  Once  this  is  done,  any  ratio  can  be  had  without 
loss  of  time  by  simply  moving  the  clamp  to  the  required  height. 
Care  must  be  had  to  raise  the  paper  according  to  the  height  of 
the  pendulum,  which  varies  as  the  clamp  is  moved  up  or  down. 
If  the  pencil  has  to  fall  too  far,  the  point  may  be  broken  or 
blunted.  Instead  of  smoked  paper,  smoked  glass  may  also  be 
used.  The  smoking  must  not  be  too  thick,  otherwise  the  lines 
will  not  be  smooth.  The  even  and  uniform  smoking  of  paper  or 
glass  is  a  matter  of  experience. 
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Different  authors  that  use  a  similarly  suspended  pendulum  as 
an  illustration  of  compound  harmonic  motion,  tell  you  to  take 
a  funnel  full  of  sand;  or  fix  a  point  on  the  lower  end  of  the  ball 
and  cover  the  floor  under  it  with  fine  sand,  so  that  the  point  may 
trace  the  figures  into  it  This  sand  must  be  made  concave,  so 
that  the  point  will  touch  everywhere  evenly.  Tyndall,  in  his 
eighth  lecture  on  sound,  describes  another  form  of  the  same  pen- 
dulum where  he  used  a  hair  pencil  to  trace  the  figures  on  a  glass 


plate  covered  with  white  sand.  But  his  system  of  producing  the 
compound  motion  kills  the  amplitude  too  rapidly.  Last  year  a 
friend  of  mine  used  a  chemical  separating  funnel  containing  a 
colored  liquid  the  flow  of  which  was  regulated  by  means  of  a 
stop-cock. 

If  one  examines  the  construction  of  this  apparatus  he  will  see 
that  the  sliding  of  the  pencil  up  and  down  the  brass  tube  over- 
comes the  difficulty  of  tracing  a  figure  on  a  flat  surface  with  an 
instrument  that  moves  in  a  curve  above  it.  The  friction  of  the 
weight  of  the  pencil  against  the  paper;  and  that  of  the  point  on 
the  paper  and  of  the  side  of  the  pencil  against  the  tube  is  so 
slight  that  the  heavy  ball  will  lose  its  amplitude  very  slowly. 
The  trigger  that  holds  the  pencil  is  made  from  the  same  brass 
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wire  as  the  suspension.  It  is  made  in  such  a  way  that  the  long 
ends  will  pass  on  either  side  of  the  brass  tube  when  raised  and 
stay  there,  so  as  not  to  cause  extra  friction  by  pressing  against 
the  pencil.    The  pictures  show  clearly  the  two  positions. 


If  the  ball  be  suspended  by  a  single  wire  it  will  in  the  same 
way  trace  the  figures  of  simple  harmonic  motion. 

I  hope  this  will  prove  interesting  to  some  of  the  readers  of 
School  Science  and  Mathematics.  Later  on  I  may  describe 
some  other  simple  apparatus  that  I  have  found  to  be  very  efficient 
for  the  illustration  of  first  principles. 


A  STUDENTS'  EXPRESS  OOMPANT. 

During  the  first  two  or  three  weeks  of  September  the  campus  of  a 
college  looks  more  like  a  railroad  freight  terminal  than  a  quadrangle  of 
a  seat  of  learning.  The  campus  is  a  vast  jungle  of  trunks,  suitcases,  bags, 
and  furniture.  Every  available  wagon  in  town  is  pressed  into  service. 
A  Princeton  student  saw  the  possibilities  in  an  express  company  man- 
aged by  students  and  catering  entirely  to  their  own  fellows.  In  1905, 
the  Princeton  Express  Company  was  organized  by  a  senior  who  was 
working  his  way.  He  hired  a  wagon  and  called  for  five  "huskies"  to 
act  as  assistants.  Over  forty  applied  for  the  job.  He  paid  $2.00  a  day 
and  a  man  cleared  from  $20  to  $30  before  college  formally  opened.  The 
enterprise  is  now  making  a  handsome  profit  for  the  president  and  officers 
of  the  company.  At  the  end  of  the  college  year  in  June  there  is  a  repeti- 
tion of  the  freight  terminal  scene,  and  the  Students'  Express  Company 
reaps  another  harvest. — Review  of  Reviews, 
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THE  TANGENT  aALVAKOMETEB  IN  THE  HI0H  SCHOOL 
LABORA.TOET. 

By  C  L.  Vestal, 
Carl  Schurz  High  School,  Chicago. 

One  of  the  marks  of  modern  progress  is  the  tendency  toward 
greater  efficiency  in  all  phases  of  life.  Especially  is  this  true 
in  industry.  But  in  education  the  tendency  seems  slower  in 
making  itself  felt.  Yet  there  is  no  aspect  of  civilization  in 
which  it  is  more  needed.  Even  our  high  school  youth  feel, 
more  or  less  vaguely,  its  lack  in  our  school  system. 

It  is  not  the  purpose  of  this  article  to  take  up  the  problem 
of  efficiency  from  a  purely  pedagogical  point  of  view,  but  as  a 
laboratory  teacher  the  writer  has  for  a  long  time  felt  the 
hampering  due  to  low  efficiency  methods.  It  finally  resolves 
itself  into  the  question  of  how  to  reach  your  results  with  the 
least  expenditure  of  time  and  energy,  both  the  teacher's  and 
students'. 

Now  the  high  school  student,  girl  as  well  as  boy,  is  easily 
interested  in  the  natural  physical  happenings,  if  these  are  pre- 
sented in  terms  with  which  he  has  some  clear  association. 
Particularly  is  this  true  of  electricity.  I  am  not  speaking 
merely  of  the  exceptional  boy,  who  is  never  so  happy  as  when 
"fooling"  with  amateur  electrical  apparatus.  Practically  the 
whole  body  of  students  can  be  greatly  interested  in  electricity. 
The  constantly  increasing  part  played  by  it  in  our  daily  life, 
directly  and  indirectly,  is  an  ever-present  stimulus  to  this 
interest.  I  have  frequently  taken  this  method :  I  say  to  a  class, 
"Now  I  want  you  to  ask  about  some  of  the  things  which 
you  would  like  to  have  explained  in  the  uses  of  electricity  and 
its  doings,  which  we  see  all  around  us  every  day,"  and  there 
will  be  very  few  members,  out  of  a  class  of  thirty  or  more, 
who  will  not  have  some  natural  and  spontaneous  question  in 
regard  to  the  method  of  operation  of  applied  electricity.  They 
want  to  know  why  and  how.  And  they  ask  the  questions, 
and  naturally  want  the  answers,  in  the  terms  which  they  hear 
used  by  others.  "What  is  a  volt?"  "What  is  a  kilowatt?" 
"Why  do  they  say  kilowatt-hour?"  "What  is  a  short  circuit?" 
"What  is  a  fuse?"  "How  does  the  meter  work?"  "What  is 
an  ampere?"  "What  makes  a  lamp  burn  out?"  "Is  that  a 
wire  in  the  lamp?"  "What  is  tungsten?"  "What  is  an  arc?" 
•'Why  don't  they  have  a  bigger  wire  for  2.300  volts  than  for 
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110  volts?"  These  are  only  a  few  samples.  They  come  up  as 
they  are  suggested  to  the  student  by  class  discussion.  And 
if  the  work  is  to  mean  anything  to  the  boy  or  girl  after  it  is 
all  done,  these  questions  must  be  answered,  not  vaguely,  but 
definitely,  so  that  when  these  various  practical  terms  are  used 
they  will  immediately  call  up  in  the  student's  mind  a  clear- 
cut  conception  which  will  be  true,  at  least  by  analogy,  to 
what  they  actually  mean. 

Now  of  course  if  these  answers  are  to  be  given  at  all  it  is 
evident  that  there  must  be  laid  a  foundation  of  theory,  but  it 
is  sure  to  kill  interest  if  the  class  discussion  and  laboratory 
experiment  remains  theoretical  only.  Specifically  this  means 
that  a  class  demonstration  of  Oersted's  discovery,  following 
as  closely  as  may  be  the  historical  circumstances,  is  the  thing 
needed.  Also  the  historical  setting  should  come  into  the  dis- 
cussion, with  a  good  mixture  of  the  "human  touch"  to  vitalize 
it.  This  the  writer  follows  with  a  brief,  semi-quantitative 
experiment,  which  consists  in  having  the  students  wrap  from 
one  to  six  or  seven  turns  of  wire  around  a  little  wooden  frame 
so  constructed  that  an  ordinary  pocket  compass  can  be  slipped 
under  the  wire.  Personally  I  should  prefer  to  have  the  com- 
pass dial  graduated  in  degrees,  but  this  is  not  absolutely 
essential.  The  main  thing  is  a  demonstration  to  the  student 
of  the  relation  between  the  direction  of  swing  and  the  direc- 
tion of  the  current.  If  the  dial  is  graduated  as  above  sug- 
gested, it  can  also  be  shown  that  the  size  of  the  angle  made 
by  the  needle  with  the  meridian  is  not  proportional  to  the 
number  of  turns  of  wire. 

This  latter  statement  brings  us  to  the  situation  against 
which  this  article  offers  a  protest.  According  to  the  formal 
method  which  has  for  a  long  time  obtained  unquestioned  in 
laboratory  teaching,  the  tangent  galvanometer  is  the  next 
"logical"  step.  But  my  experience  denies  that  it  is  the  next 
pedagogical  one.  Even  before  the  compass  experiment  is  done 
the  question  is  up:  "How  many  amperes  is  that?"  (The  pres- 
sure significance  of  volts  will  already  have  been  pointed  out, 
probably  in  electrostatics.)  And  in  answer  to  this  question, 
what  is  there  to  say?  There  is  only  one  truthful,  non-hypo- 
critical answer — ^you  don't  know,  and  in  the  mere  angular 
swing  of  the  needle  there  is  nothing  to  tell  you.  Then  the 
boys  will  say:  "You  couldn't  make  an  ammeter  or  voltmeter 
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that  way  then,  could  you?"  And  in  the  face  of  this  the  next 
"logical"  step  is  the  tangent  galvanometer ! 

What  do  we  do?  Why,  we  then  take  up  a  discussion  of  the 
fact,  which  the  compass  experiment  probably  showed,  that  the 
increase  in  deflection  is  not  proportional  to  the  increase  in  the 
number  of  turns  of  wire.  The  further  fact,  which  in  the  ex- 
periment the  students  have  noticed  and  been  annoyed  by,  that 
the  needle  oscillates  for  a  considerable  time  about  its  final 
point  of  rest,  is  referred  to,  and  its  disadvantages  pointed  out 
I  then  proceed  to  a  very  elementary  discussion  of  the  tangent 
galvanometer,  explaining  its  advantage  for  specially  accurate 
work. 

At  this  point  I  am  forced  to  compromise  in  the  laboratory 
between  conviction  and  necessity,  for  the  compelling  reason 
that  tangent  galvanometers  are  almost  the  only  measuring  in- 
struments provided.  So  I  give  as  simple  an  experiment  as 
possible  on  this  instrument.  I  am  free  to  say  that  practice 
will  be  otherwise  as  soon  as  the  necessary  equipment  is  avail- 
able. 

During  this  experiment  the  difficulties  and  annoyances  in- 
cident to  the  tangent  galvanometer  become  conspicuous.  In 
the  introductory  discussion  a  lesson  in  trigonometry  has  been 
necessary.  Now  while  the  trigonometry  involved  is  very  sim- 
ple in  practice,  it  is  less  so  in  theory,  and  although  the  experi- 
ment may  prove  the  fact,  it  does  not  show  the  reason  why, 
the  current,  or  rather  the  magnetic  field  at  the  center  of  the 
coil,  is  proportional  to  the  tangent  of  the  indicated  angle. 

For  other  elementary  experiments  in  current  electricity  the 
tangent  galvanometer  is  still  more  unsatisfactory.  Here  it 
appears  still  more  strongly  that  the  students  want  to  measure 
in  the  units  by  means  of  which  electric  quantities  are  practi- 
cally handled.  Take,  for  example,  an  experiment  to  show  the 
relation  between  current  strength  and  the  size,  length,  and 
kind  of  conductor.  Doubling  the  resistance  does  not  cut  in 
half  the  angle  of  swing — not  even  approximately,  unless  the 
deflection  is  very  small.  Even  when  the  tangent  has  been 
looked  up  the  experimenter  does  not  know  how  strong  the 
current  was.  The  determination  of  the  reduction  factor  is  an 
experiment  of  doubtful  value  in  a  high  school  physics  class. 
Even  if  the  student  gets  into  his  mind  a  clear  conception  of 
what  he  is  after,  and  why  it  gives  the  current  in  amperes  when 
properly  used,  he  is  likely  to  ask  impatiently,  "What's  the  use? 
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Why  not  use  an  ammeter  in  the  first  place?"  And  he  is  right. 
Why  not,  indeed? 

In  measuring  resistance  with  the  slide  wire  bridge  the  tan- 
gent galvanometer  is  far  from  an  unmixed  blessing.  The 
same  old  annoyances  inherent  in  the  principle  of  the  instru- 
ment crop  up  again  worse  than  ever.  In  making  connections 
properly  the  multiplicity  of  binding-posts  confuses  the  stu- 
dent. The  chances  are  that  he  will  not  connect  to  the  ones 
giving  the  greatest  sensitiveness  unless  his  directions  specify 
them  by  number.  Then  he  waits  awhile  for  the  magnet  to 
come  to  rest.  When  this  finally  comes  about,  he  painfully 
adjusts  the  plane  of  the  coil  in  the  magnetic  meridian.  This 
accomplished,  he  tries  for  a  balance,  and  the  waiting  game  is 
repeated  after  every  trial.  The  pointer  probably  has  a  period 
of  several  seconds,  and  thus  much  time  and  temper  is  con- 
sumed. Then,  presently — ^if,  as  is  usually  the  case  in  the 
city  schools,  four  students  work  at  one  table — ^some  one  of 
them  accidentally  strikes  the  galvanometer,  and  the  adjust- 
ment has  to  be  gone  over  again,  with  excellent  opportunities 
for  the  creeping  in  of  the  personal  element  at  every  step.  And 
perhaps,  in  addition  to  all  other  sources  of  error,  the  needle 
becomes  erratic,  and  the  puzzle  has  to  be  solved  by  the  in- 
structor, who  finds  that  some  magnetic  material  is  too  close 
to  galvanometer.  This  error  may  even  be  caused  by  a  girl's 
corset  stays,  as  she  leans  close  over  the  instrument  to  make 
a  reading.  In  a  case  like  this  the  instructor  can  hardly  re- 
move the  source  of  error,  or  even  ask  that  it  be  done.  Taken 
as  a  whole,  the  experiment  is  a  pretty  harrowing  process. 

In  spite  of  its  delicacy,  the  student's  D'Arsonval  galvanom- 
eter is  superior  for  this  work.  While  it  is  far  from  dead- 
beat,  its  period  is  much  shorter  than  that  of  the  tangent  gal- 
vanometer, and  the  damping  effect  is  considerably  greater.  In 
addition,  it  can  be  damped  if  desired  by  short  circuiting 
through  a  contact  key.  Results  obtained  with  it  are  more  ac- 
curate than  with  the  tangent  species. 

To'  summarize :  In  the  writer's  experience  the  tangent  gal- 
vanometer, as  found  in  the  high  school  physics  laboratory, 
has  almost  nothing  to  recommend  it.  In  fact,  I  know  of  no 
principle,  or  use  of  it,  in  such  laboratory  which  cannot  be 
better  performed  with  a  different  instrument.  The  points 
against  it,  as  compared  with  other  instruments,  would  stand 
about  as  follows: 
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1.  Its  theory  is  too  advanced  for  high  school  classes. 

2.  It  is  a  constant  annoyance  in  use,  because  of : 

(a)  the  necessity  for  adjusting  the  plane  of  its  coil  in 

the  magnetic  meridian. 

(b)  the  extremely  long  period  of  oscillation  of  its 

pointer  about  final  position  of  rest. 

(c)  sensitiveness  to  stray  magnetic  fields. 

3.  Its  multiplicity  of  binding-posts. 

4.  Its  great  susceptibility  to  the  personal  element  as  a 

source  of  error. 

5.  Its  obscure  method  of  showing  current  strength. 

This  last  objection,  of  course,  applies  only  to  its  use  in  high 
school  laboratories.  In  fact,  the  tangent  galvanometer  is 
essentially  an  advanced,  very  advanced,  laboratory  instrument. 
'Few  college  laboratories  require  students  to  use  it  as  a  regular 
measuring  instrument  in  experiments.  Its  place  is  in  research, 
in  the  determination  of  absolute  units. 

Now  what  could  take  its  place?  Just  plain  ammeters  and 
voltmeters.  Of  course  the  tangent  galvanometer  is  inherently 
a  more  accurate  instrument  than  these,  but  this  accuracy  is 
found  only  in  instruments  which  are  two  or  three  times  as 
costly  as  those  commonly  used  in  the  high  school.  Also  to 
obtain  it  requires  much  experience  and  skill,  neither  of  which 
the  high  school  student  possesses.  I  venture  to  say  that,  for 
but  little  more  than  the  money  usually  paid  for  the  tangent 
instruments,  a  voltmeter  or  ammeter  of  equal  grade  can  be  ob- 
tained. However,  I  would  recommend  nothing  but  a  good 
grade  of  instrument,  and  in  "good"  I  do  not  include  the  "stu- 
dent's voltammeter"  put  on  the  market  by  the  laboratory  sup- 
ply houses.  It  is  better  to  get  a  first-class  article,  and 
manage  for  a  while  with  fewer  of  them,  than  to  take  an  in- 
ferior instrument. 

There  can  be  had,  for  less  than  $20,  an  ammeter  or  volt- 
meter, range  0 — 10  or  0 — IS,  which  can  be  used  with  either 
direct  or  alternating  current.  It  is  a  Thomson  inclined  coil 
instrument,  is  practically  dead-beat,  and  its  accuracy  is  suf- 
ficient for  any  school  laboratory  purpose.  The  greatly  in- 
creased satisfaction  shown  by  the  students  in  their  work  when 
they  are  given  instruments  on  which  the  readings  are  direct 
is  surprising.  These  mentioned  are  very  rugged,  arc  not 
ticklish  about  stray  magnetic  fields,  nor  peevish  unless  placed 
in  the  magnetic  meridian. 
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SUGGESTED  SYLLABUS  OF  HIGH  SCHOOL  ZOOLOGY.' 

A.    Introduction. 

In  making  this  second  step  toward  the  formulation  of  a  sylla- 
bus for  the  teaching  of  biology  in  the  high  schools  of  Illinois, 
your  committee  desires  to  refer  you  to  the  following  statement 
made  in  the  introduction  to  our  report  last  year: 

"A  course  in  high  school  biology  should  seek  the  following, 
among  the  possible  things : 

"i.  The  production  and  conservation  of  a  vital  interest  in 
plants  and  animals. 

"2.  An  appreciation  of  the  human  values  of  plants  and  ani- 
mals. 

"3.  The  encouragement  of  the  attitude  of  raising  and  solving 
problems  concerning  plants  and  animals. 

"4.  Some  ability  to  use  the  library,  the  field,  and  the  labora- 
tory in  individual  pursuit  of  these  interests. 

"5.  The  ability  to  sustain  interest  in  these  problems  through 
considerable  periods. 

"6.  A  sense  of  the  way  in  which  organisms  respond  to  the  en- 
vironing conditions. 

"7.  An  elementary  conception  of  development  and  of  the  evo- 
lutionary series  of  animals  and  plants. 

"8.  Some  knowledge  of  living  material;  its  organization  in 
plants  and  animals ;  its  properties  and  the  relation  of  these  to  the 
activities  of  the  organism. 

"9.  Some  experience  in  classification  of  organisms — theoret- 
ical and  practical. 

"10.  A  conception  of  the  place  of  man  in  the  biological  series, 
along  with  the  conviction  that  this  does  not  invalidate,  but  rather 
heightens,  the  meaning  of  all  the  higher  human  qualities. 

"11.  A  sane,  wholesome  appreciation  of  the  origin  and  mean- 
ing of  sex,  and  of  its  bearing  on  human  life. 

"The  committee  believes  that  it  is  not  desirable,  even  if  possi- 
ble, to  have  uniform  courses  in  biology  in  the  different  schools  of 
the  state.  We  believe,  however,  that  all  exercises  in  all  schools 
should  be  handled  in  such  a  way  as  to  secure  the  'scientific  habit,' 
which  includes  among  other  things — ^the  habit  of  correct  observa- 
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of  November  21-23. 1912.  Printing  authorized  by  the  following  members  of  the  committee: 
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tion ;  of  accurate  expression  of  these  observations  both  by  means 
of  notes  and  drawings ;  of  discriminating  between  superficial  and 
essential  observations ;  of  correct  thinking ;  and  of  willingness 
to  retest  the  final  conclusions  when  new  evidence  appears." 

In  the  report  of  last  year  we  undertone  merely  to  indicate 
4ome  general  types  of  exercises  which,  in  our  opinion,  were  essen- 
tial to  an  elementary  course  in  zoology  and  in  botany.  In  ac- 
•cordance  with  our  instructions  to  proceed  further  with  this  work, 
-it  becomes  necessary  for  us  to  indicate  more  exactly  the  special 
exercises,  under  these  general  t3rpes  which  were  approved  by  you, 
which  might  be  expected  to  accomplish  the  aims  upon  which  we 
are  agreed.  This  report  offers  tentatively '  such  a  list  of  topics 
for  the  subject  of  zoology. 

The  committee  realizes  that  this  is  an  unsatisfactory  stage  in 
which  to  report  our  progress — ^in  that  it  goes  beyond  the  sure 
ground  of  the  very  general  statements  in  the  first  report,  and  yet 
does  not  give  sufficient  detail  to  justify  itself  as  a  manual.  With- 
out elaborate  description,  impossible  in  the  limits  of  such  a  re- 
port, many  of  these  exercises  may  appear  to  teachers  as  indefinite 
and  equivocal.  Effort  has  been  made,  however,  to  add  such  sug- 
gestions as  will  enable  the  teacher  at  least  to  see  workable  terri- 
tory in  each  of  the  exercises. 

If  the  conference  wishes  to  go  any  further  in  this  matter,  the 
next  step  is  the  preparation,  or  the  selection,  of  a  practical  manual 
of  zoology  in  which  each  of  the  topics  is  elaborated  in  a  sug- 
gestive way,  with  citations  to  some  of  the  zoologies  in  current 
use  in  high  schools,  in  connection  with  which  this  detailed  sylla- 
bus might  be  used.  It  is  hoped  that  this  may  be  accomplished  by 
the  time  of  the  next  meeting,  in  case  you  decide  to  take  this 
further  step.  One  such  exercise  (Exercise  No.  i)  is  given  in 
detail,  to  illustrate  what  is  possible. 

Concerning  the  list  of  exercises,  offered  in  the  present  report, 
the  committee  wishes  to  make  the  following  remarks : 

1.  It  is  thoroughly  well  understood  that  all  the  exercises  listed 
here  cannot  be  handled  in  a  scholarly  way  in  one  term,  or  even  in 
two  terms.  It  is  equally  true  that  some  teachers  and  some  schools 
will  l)c  better  fitted  to  emphasize  some  of  the  exercises,  and  others 
for  equally  good  reasons  will  prefer  to  use  others.  It  is  not  the 
purpose  to  secure  perfectly  uniform  iron-clad  courses  of  zo- 
olog>'  in  our  schools. 

2.  Teachers  should  feel  free,  therefore,  to  bend  such  a  list  of 
subjects  to  their  needs.    It  is  suggestive  rather  than  final    It  is 
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intended  to  give  a  standard  which  shall  include  the  chief  things 
for  which  a  secondary  course  in  zoology  should  stand,  and  a  sug- 
gestion of  some  of  the  kinds  of  exercises  that  may  be  used  to  meet 
these  ends. 

3.  In  case  a  whole  year  is  given  to  zoology,  with  approxi- 
mately five  periods  weekly,  some  of  which  ought  to  be  double 
periods,  something  like  one  day  could  be  given,  on  the  average,, 
to  each  of  these  proposed  exercises.  But  even  under  these  cir- 
cumstances it  will  be  found  that  the  exercises  are  not  of  equal 
interest,  importance,  or  difficulty;  some  may  be  very  much  ab- 
breviated, or  even  omitted,  and  others  will  require  much  more 
than  a  double  period  to  work  out  even  in  a  superficial  way.  Some 
of  the  exercises  may  readily  be  elaborated  so  as  to  give  profitable 
work  for  several  days.  In  other  instances  two  or  more  exercises 
may  be  concluded  at  one  period.  No  teacher  must  allow  any  text- 
book or  syllabus  to  determine  the  rate  of  passage  through  the 
subject;  the  interest  and  interests  of  the  pupils,  his  own  concep- 
tion of  the  objects  to  be  reached  in  the  particular  course,  the 
degree  to  which  the  exercise  is  accomplishing  the  proposed  ob- 
jects, and  such  considerations  must  control  his  progress  and  hi& 
emphasis. 

4.  In  schools  where  only  one-half  year  of  five  periods  a  week 
are  given  to  zoology,  the  teacher  and  class  should  select  such  ex- 
ercises as  seem  to  them  most  worth  while — ^provided  some  exer- 
cises from  each  of  the  general  realms  are  selected.  The  pupil' 
should  be  induced  to  work  and  think  in  each  of  these  main  fields^ 
in  order  to  have  the  subject  fairly  opened  up  to  him.  The  amount 
of  emphasis  upon  each  field  can  well  be  left  to  be  determined  year 
by  year  in  various  schools  in  accordance  with  the  principles  sugr 
gested  above. 

5.  The  following  exercises  lend  themselves  to  expansion:  Sf 
9,  19-29,  34-55,  and  almost  any  of  those  in  Series  X-XIV.  The 
following  are  readily  subject  to  abbreviation  and  combination: 
10-13,  58-72,  93-105.  Certain  groups  of  exercises  may  be  short- 
ened, and  yet  retain  a  large  part  of  their  suggestiveness  by  as- 
signing diflferent  exercises  to  different  pupils  for  careful  investi^ 
gation ;  the  results  of  these  studies  to  be  reported  to  the  class,  and? 
there  discussed.  This  is  peculiarly  true  of  Series  VIII,  XI,  XIV 
— ^and,  if  necessary,  XII  and  XIII. 

6.  In  respect  to  order,  it  will  be  apparent  to  the  teacher  that 
some  of  these  groups  of  exercises,  if  they  are  to  be  used  at  ally 
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naturally  belong  where  they  are  placed;  others  may  readily  be 
shifted  into  adjustment  with  the  text-book  in  use,  or  with  other 
conditions  confronting  the  teacher. 

Series  I  and  II  should  naturally  come  very  early ;  the  calendar 
study  for  each  pupil  should  be  selected  as  soon  as  the  pupil  gets 
sufficient  glimpse  of  the  field  to  enable  him  to  put  some  personal- 
ity into  the  selection;  the  study  of  the  representative  animal  | 
should  cQme  while  the  animals  chosen  are  plentiful  and  active; 
the  Economic  Studies  (Series  VIII)  should  come  whenever  the 
conditions  are  best  for  the  study  of  each  of  them,  since  their  ar- 
rangement is  in  no  sense  chronological ;  the  same  is  true  of  Series 
XI — ^the  development  of  animals.  Most  of  the  other  series  can  I 
be  shifted  to  meet  the  local  needs.  The  studies  in  Series  XIV 
might  very  appropriately  be  assigned,  one  by  one,  at  opportune 
points,  through  the  course,  for  the  purpose  of  enlivening  interest 
and  thus  of  motivating  the  course. 

Finally,  your  committee  in  the  light  of  its  conviction  that  rig- 
idly uniform  courses  are  unwise,  and  in  recognition  of  the  di- 
versity of  views  among  equally  good  teachers  would  suggest, 
without  any  definite  recommendation,  the  following  as  the  possi- 
ble future,  constructive  tasks  of  this  section  in  the  interest  of  the  i 
teaching  of  high  school  biology  in  Illinois: 

1.  The  selection,  or  the  formation,  of  a  practical  manual  of 
zoobgy  on  the  basis  of  the  present  report. 

2.  The  preparation  or  selection  of  a  practical  syllabus  and 
manual  of  botany  in  the  same  general  spirit. 

3.  The  preparation  of  a  practical  manual  of  biology,  in  which 
botany,  zoology,  and  htmian  physiology  are  really  unified  and  not 
merely  welded. 

B.    A  Suggested  Outline  of  Exercises  for  Practical  Work 

IN  Zoology. 

I.    Introductory:  Exercises  for  Appreciation,  (Exercises  1-4.) 

Purpose :  To  secure,  early  in  the  course  and  in  an  informal  way, 

such  a  view  of  the  subject-matter  of  biology  and  its  relations  to 

life  that  the  student  may  have  a  real  appreciation  that  will  beget 

responsiveness. 

Ex.  I.  The  Attractiveness  of  Nature.  An  informal  study  from 
memory,  and  a  discussion,  of  the  elements  that  tend  to  make  na- 
ture beautiful  and  attractive  to  man. 
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Exercise  i,  illustrated  in  detail. 

Method:  An  exercise  like  this  may  properly  take  the  form, 
first,  of  a  conference  of  the  class  indoors,  followed  by  an  informal 
excursion  to  the  nearest  particularly  attractive  point  of  natural  in- 
terest Stereopticon,  or  other,  pictures  may  be  used  very  profita- 
bly to  supplement,  or  even  replace  the  excursion  if  the  latter  is 
not  possible.  The  spontaneous  expression  of  the  pupil  should  be 
•encouraged.  The  "Scientific  Method"  may  properly  be  held  in 
abeyance  in  these  first  exercises. 

Topics : 

1.  The  Studenfs  Memory  of  His  Most  Beautiful  Natural 
View.  What  kinds  of  things  helped  make  it  beautiful?  What 
part' did  the  form  of  land  play  in  it?  What  part,  water?  What, 
clouds  and  "atmosphere"?  What  part  did  living  objects,  plant, 
or  animal  add?  Why  do  you  think  such  things  seem  beautiful 
to  humans  ?  Do  you  think  this  quality  of  appreciation  in  us  can 
be  cultivated  and  strengthened?  Do  you  think  it  would,  on  the 
whole,  add  to  the  pleasure  and  value  of  life  to  strengthen  it?  Is 
It  quite  wise  on  our  part  to  wait  until  we  find  all  these  elements 
of  beauty  in  one  place  and  in  extreme  degree,  before  we  allow 
ourselves  the  pleasure  and  inspiration  that  come  from  appreciat- 
ing them?  What  is  the  first  quality  we  should  try  to  cultivate 
in  ourselves  in  order  to  get  this  pleasure?    What  next? 

2.  The  Special  Contribution  of  Living  Objects  to  Nature's 
Attractiveness. 

As  you  think  of  the  beauty  of  the  earth,  what  is  added  to  it 
hy  plants?  In  what  ways  do  animals  add  to  it?  Mention  what 
seem  to  you  now  the  chief  beauties  and  interest  of  plants;  of 
animals.  Supplement  with  appreciative  literature,  and  with  pic- 
tures in  which  plants  and  animals  are  attractively  represented. 

♦        ♦        ♦ 

Ex.  2.  The  Attractive  Natural  Points,  Locally.  A  visit,  a  re- 
port, and  a  discussion  of  the  most  beautiful  natural  conditions  in 
reach  of  the  class,  which  may  make  a  concrete  test  of  the  general 
•conclusions  in  exercise  i  concerning  the  beauties  of  nature. 

Ex.  3.  The  Pupils'  Present  Knowledge  of  Plants :  A  summing 
lip  of  the  knowledge  of  the  class  respecting  plants,  their  charac- 
teristics, their  value  to  animals  and  to  men,  their  place  in  human 
industry  and  business. 

Ex.  4.  The  Pupils'  Present  Knowledge  of  Animals.  A  simi- 
lar inventory  of  their  appreciation  of  animal  values  and  relations. 
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11.    Introducing  to  the  Library  and  the  Field.    (Exercises  5-9). 

Purpose :  To  acquaint  the  student  with  the  books  he  will  use,  to 
teach  him  how  to  use  them,  to  enable  him  to  go  willingly  and  with 
intelligence  to  the  "field"  in  search  for  real  problems  and  real 
solutions. 

Ex.  5.  A  Library  Exercise.  Examinaticm  of  available  books, 
the  making  of  a  selected,  classified  list  of  a  limited  number,  to- 
gether with  some  broad  estimate  of  the  characteristics  of  at  least 
a  few  of  them.    Discussion  in  class. 

Ex.  6.  A  Preliminary  Survey  of  the  Territory.  Examination 
by  each  student  of  a  selected  territory,  with  notes,  and  a  map 
showing  its  general  character.  Reports.  A  list  of  questions  sug- 
gested to  the  student  by  the  study. 

Ex.  7.  A  Special  Survey  of  a  Limited  Territory.  A  general 
study,  and  report  on  the  study,  of  all  the  observed  animal  life 
of  a  small  area  selected  by  the  student.  A  list  of  the  pupil's  ques- 
tions arising  out  of  the  study. 

Ex.  8.  A  Collecting  Excursion.  The  collecting  and  keeping 
in  good  condition  of  all  animals  captured  on  a  special  excursion ; 
with  notes  about  all  animals  fotmd.  List  of  questions  for  further 
study. 

Ex.  9.  Rough  Identification  of  Animals  Collected.  Use  of 
pictures,  descriptions,  and  simplest  possible  keys,  etc.,  to  locate 
in  a  general  way,  the  animals  collected.  This  exercise  may  be 
extended,  with  profit,  over  several  periods. 

in.  Introducing  to  the  Laboratory  *and  Microscope,  (Exer- 
cises 10-13.) 

Purpose:  To  acquaint  the  student  with  the  general  nature  of 
work  in  the  laboratory;  to  introduce  him  to  the  most  remarka- 
ble instrument  which  we  have  to  aid  us  in  such  studies ;  to  enable 
him  to  get  a  mastery  of  the  elementary  use  of  the  low  power  of 
the  microscope.  This  series  should  be  reduced  to  one  or  two  ex- 
ercises unless  each  student,  or  pair  of  students,  has  access  to  an 
instrument. 

Ex.  10.  The  Construction  of  the  Microscope.  To  get  the 
main  facts  about  the  microscope,  to  suggest  the  uses  of  the  parts, 
to  show  how  structure  and  function  are  related. 

Ex.  II.     Securing  Illumination.    Theoretical  and  practical. 

Ex.  12.     Securing  Focus.    Theoretical  and  practical. 

Ex.  13.  Discovering  the  Effects  of  the  Microscope  on  the 
Appearance  of  Objects. 
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IV.  Calendar  Studies. 

Purpose :  To  bring  the  student  into  contact  with  some  aspect  of 
animal  life  in  its  successive  relations  through  the  year  and  thus 
encourage  a  sustained  interest  in  some  worth-while  topic;  to  in- 
troduce the  student  to  the  seasonal  rhythm  of  life  and  its  meaning. 

Method:  These  topics,  preferably  a  different  one  for  each  pupil, 
should  be  selected  early  in  the  season,  and  should  represent  if 
possible  some  real  interest  of  the  student.    There  should  be : 

(i)     A  clear  statement  of  the  topic  of  study. 

(2)  An  outline  of  the  various  methods  of  observation  used. 

(3)  A  statement  of  the  results  of  the  observations. 

(4)  Interesting  or  important  conclusions  based  oa  the  obser- 
vations. 

(5)  A  report  of  any  studies  by  other  people  on  the  same  sub- 
ject, as  contained  in  the  literature,  and  a  comparison  of  such  with 
the  pupil's  results. 

Suggested  Topics: 

1.  Any  exercises  on  the  life  history  of  animals.  (See  Exer- 
cises 95-107.) 

2.  Some  of  the  economic  studies.    (Exercises  34-54.) 

3.  Record  of  the  behavior  of  any  common  species  of  wild  ani- 
mals through  the  varying  conditions  of  the  year. 

4.  The  eflFect  of  the  seasons  on  any  of  the  great  vital  func- 
tions of  animals — as  reproduction,  general  activity,  securing  food, 
etc. 

5.  Actual  observable  animal  inhabitants  of  a  given  area  of 
favorable  territory  throughout  the  year.  (Statistical  and  descrip- 
tive.) 

6.  An  account  of  the  changes  of  the  bird  or  other  wild  life 
of  the  community  during  the  year. 

7.  Certain  questions  of  variation,  heredity,  natural  selection, 
etc.     (See  also  Exercises  1 19-142.) 

8.  In  general,  any  topic  which  suggests  changes  in  the  animal 
life  day  by  day  owing  to  climatic  or  other  environmental  condi- 
tions. 

Ex.  14.  Selection  of  Calendar  Studies.  A  careful  discussion, 
and  selection  by  each  student,  of  some  calendar  topic.  The  ele- 
ments to  be  considered  in  such  selection.  Discussion  of  the  gen- 
eral method  of  attack. 

V.  The  Laboratory  Method;  and  an  Inductive  Study  of  the 
Chief  Differences  between  Inorganisms  and  Organisms,  Plants 
and  Animals.    (Exercises  15-18.) 


Digitized  by  LjOOQIC 


784  SCHOOL  SCIENCE  AND  MATHEMATICS 

Purpose :  To  use  a  few  familiar  objects  to  introduce  the  pupil 
to  the  scientific  method  and  to  get  before  him,  free  from  new  and 
puzzling  knowledge,  the  steps  that  must  be  followed  in  order  to 
reach  right  conclusions ;  to  give  him  practice  in  taking  these  steps; 
and  to  enable  him  to  get  for  himself  a  definition  of  inorganic  and 
organic,  plant  and  animal. 

Ex.  15.  Sand.  Pebbles.  Crystals.  Observe,  record,  and  ccwn- 
pare  the  really  observable  characteristics  of  these. 

Ex.  16.  Shells.  Characteristics.  Distinctive  features;  com- 
pare with  sand,  pebbles,  and  crystals. 

Ex.  17.  Plants.  Study  as  above.  Limit  record  to  student's 
actual  observations. 

Ex.  18.  Animals.  Study  as  above.  General  conclusions. 
What  are,  after  all,  the  observable  distinctions  between  these 
five  classes  of  objects? 

VI.  The  Study  of  a  Representative  Animal.  (Exercises  19- 
29.) 

Purpose:  The  purpose  of  this  series  of  exercises  is  to  guide  the 
student  in  forming  the  habit  and  ideal  of  accurate  observation 
and  in  making  a  clear  and  exact  record  of  observations;  to  cause 
him  to  study  with  some  care  and  in  some  detail  the  relations  of 
one  typt  of  animal  to  its  natural  environment;  to  allow  him  to 
discover  the  work  which  it  is  capable  of  doing  and  its  chief  ad- 
justments to  its  manner  of  living,  and  to  appreciate  the  complex- 
ity of  tlie  organization  of  the  animal  whereby  it  is  enabled  to  do 
the  work  necessary  for  satisfactory  living.  (It  is  assumed  in  the 
following  exercises  that  the  grasshopper  will  be  the  most  gen- 
erally suitable  animal.) 

Ex.  19.  Representative  Animal:  Introductory.  A  discussion 
of  all  the  important  things  that  enter  into  the  determination  of 
what  will  be  a  suitable  animal.  Select  in  the  light  of  this  discus- 
sion. 

Ex.  20.  Haunts  and  Habits  of  Life.  A  general  study,  in  the 
field,  of  the  place  of  living,  general  and  special;  kind  of  food 
used;  relation  to  one  another,  and  the  like.  Follow  by  reports 
and  discussions  in  class. 

Ex.  21.  Its  Chief  Activities.  A  study  of  its  powers — ^just  what 
it  can  do :  as  motions,  locomotion  of  various  types,  etc.  A  close 
study  and  analysis  of  the  differences  between  these  modes  of  ac- 
tion ;  and  of  the  purposes  of  them. 

Ex.  22.  The  External  Organs  and  Their  Relation  to  the  Kinds 
of  Activity.  A  tabular  display  of  the  relation  between  the  struc- 
tures and  their  functions. 
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Ex.  23.  Sensitiveness.  An  observational  and  experimental 
study  of  the  evidences  of  sensitiveness,  the  special  kinds  of  sen- 
sitiveness, the  location  of  the  sense  organs,  the  nature  of  the  re- 
sponses, etc. 

Ex.  24.  Sensitiveness  (continued).  Tabular  display  of  senses, 
organs,  stimuli,  etc. 

Ex.  25.  The  General  Plan.  The  symmetry  of  the  animal 
What  elements  enter  into  symmetry? 

Ex.  26.  The  General  Plan  (continued).  Comparison  of  the 
axes.  The  meaning  of  dorsal  and  ventral,  anterior  and  posterior, 
right  and  left ;  and  the  location  of  the  various  organs  in  relation 
to  these  regions,  and  the  reasons  therefor. 

Ex.  27.  General  Plan :  The  Regions  of  the  Body.  A  study  of 
the  form  and  function  and  relations  of  the  three  regions:  head, 
thorax,  and  abdomen. 

Ex.  28.  Special  Organs  of  the  Three  Chief  Regions.  A  tabu- 
lar display  of  all  the  organs  related  to  each  of  the  regions ;  their 
form,  position,  and  functions,  with  drawings  of  them. 

Ex.  29.  Review  of  Representative  Animal.  Questions  to 
unify  the  results  of  the  study,  and  to  apply  the  proper  descriptive 
names  to  the  organs. 

,VII.  Comparative  Work  in  the  Phylum  to  which  the  Repre- 
sentative Animal  Belongs.    (Arthropoda.)     (Exercises  3033.) 

Purpose :  To  cause  the  student  to  compare  other  slightly  known 
animals  with  the  grasshopper,  and  thus  further  emphasize  his 
picture  of  the  latter ;  to  enable  him  to  realize  that  his  knowledge 
of  animals  in  general  is  not  exact ;  to  give  him  a  better  concep- 
tion of  the  group  of  insects  and  of  its  principal  orders. 

Ex.  30.  Off-hand  Comparison  of  Some  Familiar  Animals 
with  the  Grasshopper.  Enumerate  from  memory  the  main  points 
of  likeness  and  unlikeness  between  ten  or  fifteen  known  animals 
and  the  representative  animal. 

Ex.  31.  Identification  of  Insects.  Each  student  should  iden- 
tify a  few  of  the  common  insects  by  means  of  keys,  figures, 
knowledge  of  their  common  names,  etc.  Location  of  a  few  less 
known  forms  in  their  proper  Orders. 

Ex.  32.  Comparison  of  Insects.  A  tabular  comparison  of  ia 
representative  insect  from  several  of  the  Orders  as  to  habitat, 
mouth  parts,  wings,  form  of  body,  metamorphosis,  larval  habits, 
etc.     (Field  and  library).    Definition  of  chief  insect  Orders. 
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Ex.  33.    CcMnparison  of  Orthoptera   CXalmlar^.  A taUe bring- 
ing together,  with  some  exactness   and    from  snjrsoanxofhh 
formation  open  to  the  student,  the  points  of  likenesses  and  an- 
likenesses  of  grasshopper  and  other   orthoptera— as  Ae  akkd, 
katydid,  cockroach,  walking-stick,  etc 

Comparison  of  Orthoptera   (^iiiustrmtiye  Table) 


Characteristics 

Cricket 

UUrM 

CMiE#Mc»   /FkprsSalictiM    CMfevpr 

Habitat  and  habits 

Coloration  and 
protective  devices 

/shape 

' 

,,.>  Regions 

1  Proportions 

1 

Segments 

Tho-      f 
racic         Legs 

Appen- 
dages    I  Wings 

Kinds  of  loco- 
motion 

• 

Mouth-parts 

Antennae 

Eyes 

Economic  Im- 
portance 

In  what  respects  do  all  these  animals  agree  ? 

VIII.    Economic  Studies.    (Exercises  34-55.) 

Purpose :  To  make  a  practical  application  of  zoological  studies 
to  human  -welfare  and  thus  to  strengthen  the  hold  of  zoology 
on  the  pupil  through  its  human  interest ;  to  give  knowledge  that 
may  be  of  direct  practical  utility;  to  reveal  to  the  student  the 
sources  of  our  information  of  economic  zoology,  and  to  acquaint 
him  with  the  work  of  our  state  and  national  bureaus  and  labora- 
tories. 

Method:  All  of  these  studies  call  for  (i)  actual  observations 
by  the  pupil  in  the  field ;  (2)  inquiries  of  local  experts--as  farm- 
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erSy  stockmen,  gardeners,  orchardists,  etc.;  and  (3)  references 
to  the  libraries.  In  each  case  the  general  facts  of  advantage  or 
disadvantage,  the  facts  relating  to  the  care  of  or  protection 
against,  and  the  zoological  place,  should  be  brought  out  in  such 
a  way  as  to  bind  together  the  scientific  and  the  practical  aspects 
of  the  problem.  Unless  there  is  abundance  of  time,  only  those 
studies  should  be  undertaken  in  which  the  student  can  reason- 
ably hope  to  get,  promptly,  enough  facts  to  reward  his  search. 
Further  emphasis  may  be  given  to  this  matter  by  coordinating 
it  with  the  study  of  the  groups  through  the  year.  Some  teachers 
prefer  to  do  the  economic  work  in  the  latter  way  solely. 

Ex.  34.  Economic  Studies:  Introduction.  Finding  out  and 
utilizing  all  the  student's  present  knowledge  of  economic  values 
of  animals.  Enumeration  and  systematic  classification  of  these 
values. 

Ex.  35.    Domesticated  Animals.    The  main  facts. 

Ex.  36.    Comparison  of  Domesticated  Animals.    (Tabular.) 

Ex.  37.     Pests  of  House  and  Bam.    The  main  facts. 

Ex.  38.    Comparison  of  Household  Pests.     (Tabular.) 

Ex.  39.    Animals  Producing  Disease.    The  main  facts. 

Ex.  40.  Comparison  of  Disease- Producing  Animals.  (Tabu- 
lar.) 

Ex.  41.  Animals  of  the  Garden.  Main  Facts.  (Suitable  for 
calendar  study.) 

Ex.  42.     Comparison  of  Animals  of  Garden.    (Tabular.) 

Ex.  43.  Animals  of  the  Orchard.  Main  facts.  (Suitable  for 
calendar  study.) 

Ex.  44.     Comparison  of  Animals  of  the  Orchard.     (Tabular.) 

Ex.  45.  Animals  in  Relation  to  Field  Crops.  (Suitable  for 
calendar  study.) 

Ex.  46.  Comparison  of  Animals  Affecting  Field  Crops.  (Tab- 
ular.) 

Ex.  47.  Pests  of  Stored  Seeds,  Fruits,  and  Grains.  Main 
facts. 

Ex.  48.  Pests  of  Shade  and  Forest  Trees.  (Suitable  for 
calendar  study.) 

Ex.  49.  Comparison  of  Animals  Destructive  of  Trees.  (Tab- 
ular.) 

Ex.  50.     The  Food-Yielding  Animals.    Main  facts. 

Ex.  51.    The  Animals  Yielding  Cbthing  to  Man.    Main  facts. 

Ex.  52.  Comparison  of  Animals  Furnishing  Clothing.  (Tab- 
akr.) 
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Ex.  53.  Pets.  A  general  study  of  the  problem;  the  special 
types  that  have  been  so  used ;  a  detailed  study  by  each  student  of 
some  pet  species,  and  its  history. 

Ex*  54.  Animal  Industries.  A  study  of  the  organized  human 
industries  based  on  animal  life.  Some  of  the  facts,  with  the  zo- 
obgical  foundations  for  them. 

Ex.  55.  Comparison  of  Animal  Industries  (Tabular),  as  to 
human  importance,  geographical  distribution,  etc. 

IX.  Studies  of  the  Essentials  of  Living  Matter.    (Exercises 

56-57.) 

Purpose:  To  enable  the  student  better  to  get  a  notion  of  the 
machinery  on  which  life  depends,  and  of  the  real  size,  shapes, 
appearance,  and  powers  of  the  cells,  which  are  conveniently 
thought  of  as  units  of  living  matter. 

Method:  Demonstrations  and  studies  of  stained  and  unstained 
cells  under  the  compound  microscope,  together  with  a  study  and 
comparison  of  all  the  figures  of  cells  and  tissues  that  can  be 
found. 

Ex.  56.  Study  of  Single  Cells.  Microscopic  study  of  cells, 
whole  and  in  sections,  showing  characteristic  parts.  Dividing 
cells. 

Ex.  57.  Study  of  Cells  in  Union.  Tissues.  Demonstration 
and  discussion  of  some  representative  tissues. 

X.  Study  of  Types  Illustrating  the  Evolutionary  Series.  (Ex- 
ercises 58-94.) 

Purpose :  To  give  the  student  a  systematic  view  of  the  animal 
kingdom  which  can  be  had  in  no  other  way  than  through  a  pro- 
gressive study  of  some  representatives  of  the  more  important 
phyla ;  to  enable  him  to  realize  the  relation  of  increasing  complex- 
ity of  structure  to  increased  efficiency  of  functioning,  as  one 
passes  from  the  lower  to  the  higher ;  to  heighten  his  sense  of  the 
unity  of  animal  life;  to  enable  him  to  expand  the  type  of  the 
phylum  by  comparing  other  members  of  the  phylum  with  it. 

Method:  In  all  the  studies  of  this  series  it  will  be  understood 
that  physiology,  morphology,  and  ecology  will  be  mingled.  It 
is  not  the  purpose  to  give  mastery  of  many  details  of  structure, 
but  rather  to  enable  the  student  to  realize  the  animal  as  a  living 
machine  with  certain  necessary  adjustments  to  make  and  certain 
structure  to  make  them  with.  There  is  no  purpose  of  making  a 
sharp  analysis  of  the  work,  into  morphology,  ecology,  and  physiol- 
ogy. 

Ex.  58.    Introductory  Examination  of  Cultures  for  Protozoa. 


Digitized  byLjOOQlC 


ZOOLOGY  SYLLABUS 


789 


Ex.  59.  Paramecium.    Activities  and  form. 
Ex.  60.    Comparison  of  Various  Protozoa.    (Tabular :  labora- 
tory and  library.) 
Ex.  61.    Sponges. 
Ex.  62.    The  Simple  Metazoa :  Hydra. 

Hydra  (continued). 

Coelenterata  Compared.    (Tabular.) 

The  Simple  Metazoa:  Flatworms. 

Comparison  of  Parasitic  Worms.    (Tabular :  library.) 

The  Starfish. 

Comparison  of  Echinoderms.    (Tabular.) 

The   Earthworm:    Habits   and   Powers;    Economic 

The  Earthworm :  Form  and  External  Structure. 

The  Earthworm:  Internal  Functions  and  Organs. 

Comparison  of  Segmented  Worms.    (Tabular.) 

A  Clam  (or  Snail). 

Comparison  of  MoUusks.     (Tabular.) 

A  Fish :  Habits  and  General  Form. 

Fish :  Activities  and  Powers ;  Special  External  Struc- 

Comparison  of  Fishes.    (Tabular.) 

The  Frog :  Habitat  and  Habits ;  Activities  in  Labora- 

The  Frog:  General  Fonn,  Structure,  and  Develop- 

The  Frog:  Skin,  muscles,  visceral  organs — structure 
and  functions. 
Ex.  81.    Comparison  of  Amphibia.     (Tabular.) 
Ex.  82.    Reptiles:  Study  of  General  Characteristics.     Field 
and  library  work. 
Ex.  83.    Comparison  of  Reptiles.    (Tabular.) 

Birds:  Varieties,  Habitats,  Noteworthy  Habits. 

Birds :  Other  Activities  and  Powers. 

Birds:  General  External  Form  and  Structure. 

Comparison  of  Birds.    (Tabular.) 

Mammals :    Introduction.      General    characteristics ; 


Ex. 

63. 

Ex. 

64. 

Ex. 

65. 

Ex. 

66. 

Ex. 

67. 

Ex. 

68. 

Ex. 

69. 

Values. 

Ex. 

70. 

Ex. 

71- 

Ex. 

72. 

Ex. 

73. 

Ex. 

74. 

Ex. 

75. 

Ex. 

76. 

tures. 

Ex. 

77- 

Ex. 

78. 

tory. 

Ex. 

79- 

ment. 

Ex. 

80. 

Ex.  84. 

Ex.  85. 

Ex.  86. 

Ex.  87. 

Ex.  88. 
varieties. 

Ex.  89.    Mammals:   Field   and 
powers,  distinctive  structure. 

Ex.  90.    Man  as  a  Mammal, 
tivities. 


Laboratory  Work.     Habits^ 


General  Animal  Habits  and  Ac- 
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Ex.  91.    Man  as  a  Mammal.    Form  of  body;  structure  of  in- 
ternal organs. 
Ex.  92.    Q)mparison  of  Mammals.    (Tabular.) 
Ex.  93.    Cwnparison  of  Vertebrates.     (Tabular.) 
Ex.  94.    Comparison  of  Animals.    (Tabular.) 

XI.  Studies  in  the  Life  History  of  Animals.  (Exercises 
95-107.) 

Purpose:  To  enable  Ae  student  to  realize  the  simple  way  in 
which  organisms  start  life  and  the  steps  whereby  th^y  reach 
maturity;  to  make  clear  the  meaning  of  the  life-cycle;  to  enable 
him  to  realize  something  of  the  meaning  of  reproduction  and  de- 
velopment among  human  beings. 

Method:  The  time  available  will  not  allow  each  pupil  to  study 
even  casually  all  the  exercises  in  this  section.  It  is  suggested 
rather  that  all  shall  study  Exercises  95-97,  and  that  others  chosen 
shall  be  divided  among  the  students.  Reports  of  all  those  in- 
dividual studies  should  be  made  to  the  class,  and  all  members 
should  make  the  tabular  comparison.  These  subjects  are  also 
suited  to  be  calendar  studies. 

Ex.  95.  Reproduction  in  Lower  Forms:  Protozoa,  Hydra, 
etc. 

Ex.  96.    Reproduction  in  Higher  Forms:  Frog,  Bird,  etc. 

Ex.  97.    Reproduction  in  Mammals,  including  Man. 

Ex.  98.    Life  History  of  Animals :  Sea  Urchin  (Early  Stages). 

Ex.  99.  Life  History  of  Snail.  Eggs,  fertilization,  devetop- 
ment. 

Ex.  100.  Life  History  of  Mosquito.  Egg  laying,  fertilization, 
metamorphosis,  etc. 

Ex.  loi.    Life  History  of  Blow  Fly. 

Ex.  102.    Life  History  of  Butterfly  (or  Moth). 

Ex.  103.     Life  History  of  Potato  Beetle. 

Ex.  104.    Life  History  of  Spiders. 

Ex.  105.    Life  History  of  Frc^s  or  Toads. 

Ex.  106.    Early  Life  History  of  the  Ghick. 

Ex.  107.    Comparison  of  Life  Histories.    (Tabular.) 

XII.  Studies  in  the  Life  Relations  of  Animals.  (Exercises 
108-118.) 

Purpose :  To  enable  the  student  to  see  at  first-hand  how  living 
objects  are  adjusted  to  some  of  the  chief  features  of  their  en- 
vironment; to  discover  what  the  really  vital  relations  are;  and 
to  give  him  a  better  practical  foundation  for  understanding  what 
is  found  in  the  books  on  the  subject. 
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Method:  The  student  should  combine  the  field,  laboratory,  and 
the  library  in  these  studies*  A  series  of  representative  animals 
should  be  chosen,  and  their  relation  to  the  various  environmental 
factors  observed  and  recorded.  Portions  of  this  work  may  be 
done  in  connection  with  the  study  of  the  typical  animals  suggested 
in  section  X. 

Ex.  io8.  Introductory.  An  enumeration  and  classification  of 
the  influential  conditions  of  life  with  which  the  students  are  al- 
ready somewhat  familiar ;  fundamental  and  secondary  conditions. 

Ex.  109.  Food  and  the  Food- Relation.  Organs  for  food  cap- 
ture ;  senses  involved  therein ;  choice  of  food ;  storing  of  food,  etc. 

Ex.  no.  Relations  to  Moisture  and  Drouth.  Adaptations  to 
life  in  water,  in  moist  places,  in  drouth,  etc. ;  and  to  the  use  and 
retention  of  moisture  internally. 

Ex.  III.  Relation  to  Temperature.  Sense  of  temperature; 
bodily  heat ;  special  adaptations  to  changing  temperature. 

Ex.  112.  Relation  to  Light.  Sensitiveness  to  light;  light  and 
darkness  lovers;  perception  and  influence  of  color;  seeing  ob- 
jects; eyes. 

Ex.  113.  Relation  to  Gravity  and  to  the  Density  of  the  Me- 
dium. Gravity  in  relation  to  the  normal  position  of  animals ;  form 
of  the  body  in  relation  to  gravity ;  specific  gravity  in  animals  in 
relation  to  the  medium  in  which  they  move.  Effects  of  these 
things  on  animal  organization. 

Ex.  1 14.  Relation  to  Sound.  Nature  of  sound  and  the  proc- 
ess of  hearing  in  various  grades  of  animals.  Points  of  uniform- 
ity and  of  difference  in  the  sound-receiving  organs. 

Ex.  115.  Relation  to  Offspring.  Various  ways  and  degrees 
of  care  of  offspring.    The  meaning  of  it  in  evolution. 

Ex.  116.  Relation  to  other  Members  of  Same  Species.  Rela- 
tions of  mates;  voluntary  association,  etc. 

Ex.  117.  Relations  of  Animals  of  Different  Species:  helpful, 
hurtful,  and  indifferent. 

Ex.  118.  Relations  to  Plants.  Plant-eating  animals;  plant 
homes  for  animals;  insects,  and  flowers,  etc. 

XIII.    Studies  Relating  to  Variation,  Heredity,  and  Evolution. 

Purpose:  To  introduce  the  student  systematically  to  one  of  the 
most  interesting  of  the  modern  aspects  of  the  subject,  and  to 
give  him  a  foundation  in  his  own  observations  by  means  of  which 
he  may  the  better  appreciate  the  literature  dealing  with  it 

Method:  Direct  observations,  supplemented  by  reference  work. 

Ex.  119.    Study  of  Variations  in  Man.    Kinds  and  amounts 
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of  variations  found  among  humans ;  that  found  in  one  family,  etc. 

Ex.  120.  Variations  in  Poultry.  Quality  and  quantity  of  vari- 
ations within  a  breed ;  among  breeds ;  sources  of  variations. 

Ex.  121.  Comparison  of  Varieties  of  Domestic  Fowl.  (Tab- 
ular.) 

Ex.  122.    Variation  in  Wild  Species. 

Ex.  123.  Inheritance  in  Man.  A  study  of  the  kinds  of  things 
that  are  inherited. 

Ex.  124.  Inheritance  in  Domestic  Animals.  Observed  facts 
of. 

Ex.  125.  Inheritance  in  Wild  Species.  Comparison  of  inher- 
ited and  acquired  qualities. 

Ex.  126.  Rate  of  Multiplication  in  Animals.  Possible  in- 
crease ;  actual  increase. 

Ex.  127.  Rate  of  Multiplication.  Inorganic  forces  that  keep 
down  population ;  organic  enemies ;  cite  own  observations. 

Ex.  128.  Adaptation.  Effects  of  cross-breeding  and  human 
selection  of  animals;  effects  of  natural  forces  on  animals  in  the 
long  run. 

Ex.  129.  Adaptation  among  Humans.  Through  inheritance 
(eugenics)  ;  through  environment  (euthenics). 

XIV,  Studies  of  Certain  Interesting  and  Extraordinary 
Adaptations  among  Animals, 

Purpose :  To  introduce  the  student  in  a  systematic  way  to  some 
of  the  more  striking  and  spectacular  facts  of  animal  life ;  to  add 
to  the  general  interest  and  appreciation  of  the  child  in  the  animal 
kingdom;  to  suggest  subjects  for  popular  interest  and  reading 
after  the  course  is  finished. 

Method :  A  large  part  of  this  Work  will  necessarily  be  library 
work,  and  yet  in  each  exercise  the  student  should  be  urged  to 
record  the  main  facts  of  his  own  knowledge  and  observation  first 
A  few  of  them  lend  themselves  to  experiment  and  measurement 
It  is  probable  that  an  increase  of  general  interest  could  be  se- 
cured in  most  classes  by  assigning  these  subjects  at  intervals  dur- 
ing the  course  rather  than  by  reserving  them  all  for  the  end  of  it 

Ex.  130.  Beauty  among  Animals,  Examples  of ;  the  elements 
that  contribute  to  beauty  in  different  species. 

Ex.  131.  Size  of  Animals.  Range  of  size  within  a  species; 
among  different  species.  Facts  concerning  peculiarly  large  and 
peculiarly  small  types. 

Ex.  132.  Strength  in  Animals.  Methods  of  testing.  Record 
of  some  results  of  testing  and  of  reading. 
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Ex.  133.  Rate  of  Motion.  Measurements ;  records ;  interpre- 
tation in  respect  to  general  habits  and  conditions  of  life. 

Ex.  134.  Weapons  of  Animals.  Study  of  the  kinds,  posi- 
tion, degree  of  development,  manner  and  purpose  of  using,  etc. 

Ex.  135.  Migrations.  Local  studies  and  references ;  times  of 
year,  direction,  causes  of,  manner  of,  etc. 

Ex.  136.  Mating  Habits  of  Animals.  Differences  between 
males  and  females,  in  structure  and  disposition,  and  the  reasons 
therefore ;  courtship ;  types  of  mating. 

Ex.  137.  Home-Making  among  Animals.  Types  and  pur- 
poses of  homes;  careful  study  of  some  particular  types. 

Ex.  138.  Industries  of  Animals.  Animals  that  play  or  work 
spontaneously ;  nature  and  value  of  these  activities. 

Ex.  139.  Cooperation  among  Animals.  Observed  and  re- 
corded instances  of  animals  of  the  same  species  working  together 
in  a  cooperative  way  to  accomplish  results;  of  different  species. 

Ex.  140.  Community  Life.  The  degree  of  closeness  of  the 
social  life  of  the  members  of  some  familiar  species  of  animals; 
•of  foreign  species  of  animals. 

Ex.  141.  Parasitism.  The  facts  in  the  life  history  of  at  least 
one  or  two  parasites.  The  general  conditions  and  results  of 
parasitism.  A  table  of  parasites,  their  hosts,  the  diseases  they 
produce,  and  the  phylum  to  which  the  parasite  belongs. 

Ex.  142.  States  of  Activity  and  Rest.  Relation  of  activity 
and  rest  in  man  and  other  known  animals.  Fatigue,  rest,  sleep, 
restoration ;  their  physiology. 


SETTING  OF  PORTLAND  OEMENT. 

The  change  in  cement  from  slow  to  quick  setting  is  due  to  the  presence 
of  alkali  carbonates,  which  have  an  accelerating  influence  upon  the 
netting  process.  In  one  case  the  addition  of  only  0X)1  per  cent  of 
sodium  carbonate  reduced  the  time  of  setting  from  6.5  hours  to  20 
minutes.  Varying  amounts  of  calcium  sulphate,  on  the  other  hand, 
retard  the  process  of  setting. 
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the  telldw  buttebflt  wbsd. 

By  Willakd  N.  Clute. 

Anyone  who  lives  near  a  stretch  of  sterile  soil  is  likely  to  be 
acquainted  with  tfie  butterfly  weed  or  pleurisy  root  (Asclepias 
tuber osa).  It  seems  especially  fitted  to  endure  the  drouth  condi- 
tions of  sand  barrens  and  clayey  hillsides  and  in  such  situations 
its  flat-topped  umbels  of  orange-red  flowers  unobscured  by  the 
sparse  vegetation  inhabiting  such  places,  makes  it  one  of  the  most 
conspicuous  of  plants  for  some  weeks  following  midsummer. 

I  have  followed  the  books  in  calling  the  flowers  orange-red, 
though  this  term  is  far  from  being  adequate.  With  this,  as  with 
many  another  common  species,  its  abundance  and  conspicuous- 
ness  made  it  easily  distinguished  by  die  early  botanists  who  were, 
in  consequence,  insufiiciently  impressed  with  the  necessity  for 
describing  the  flowers  minutely  and  subsequent  manual  makers, 
most  of  whom  have  been  more  familiar  with  the  appearance  of 
the  plants  in  the  herbarium-  than  in  the  field  have  simply  copied 
the  mistakes  of  their  predecessors.  An  absolutely  accurate  de- 
scription of  the  flowers  is  probably  not  to  be  found  in  the  books 
reputed  to  be  the  arbiters  of  such  matters.  In  one  feature,  how- 
ever, all  agree :  the  hoods  are,  indeed,  "deep  bright  orange."  But 
the  hoods  are  only  part  of  the  flower;  exactly  half  the  flower, 
in  fact,  when  we  are  discussing  color,  for  the  reflexed  petals 
which  about  equal  the  divisions  of  the  corona  in  size  are  them^ 
selves  as  bright  and  fully  as  effective  in  giving  conspicuousness 
to  the  flower  cluster.  These  latter  parts  the  books  dismiss  with 
scant  ceremony;  in  fact,  one  of  our  most  authoritative  manuals 
does  not  even  mention  them.  Those  which  do  are  almost  as  bad 
for  they  describe  them  variously  as  greenish,  greenish  orange, 
or  purplish  orange,  when  in  reality  the  average  plant  has  orange- 
red  petals  that  are  frequently  more  highly  colored  than  the  hood 
itself.  In  the  bud  the  edges  of  the  petals  are  frequently  deep  red 
and  while  the  outer  surface  may  at  this  time  be  greenish,  the 
inner  surface  has  more  of  yellow  in  it  than  either.  In  the  open 
flower  the  outside  of  the  petal  is  often  deep  red.  There  is,  to  be 
sure,  considerable  diversity  in  the  coloration  of  individual  speci- 
mens and  it  may  be  possible  that  some  of  the  flower  clusters  that 
in  the  distance  blend  into  an  unattractive  brick-red  may  have 
more  or  less  green  in  the  petals.  In  any  event,  these  are  not  the 
ones  likely  to  be  selected  for  cultivation  or  for  inclusion  in  a 
bouquet  of  field  flowers.    By  a  little  careful  selection  it  is  possi- 
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ble  to  secure  flowers  that  are  nearly  pure  red  though  far  behind 
the  cardinal  flower  or  bee  balm  in  the  quality  of  color.  Varia- 
tions in  the  direction  of  yellow  are  also  known  as  might  be  ex- 
pected in  flowers  in  which  both  colors  are  due  to  varying  amounts 
of  the  same  pigment.  In  the  yellowish  specimens,  however,  there 
is  practically  always  sufficient  red  present  to  give  the  flowers  a 
tawny  hue  and  it  was  something  of  a  surprise,  last  year,  to  come 
upon  a  plant  with  clear  lemon-yellow  flowers  without  trace  of 
red  or  orange.  This  plant,  removed  to  my  garden  has  thrown 
up  numerous  stems  which  during  the  first  half  of  July  were 
loaded  with  flowers.  Other  plants  of  the  same  kind  are  likely  to 
be  discovered  in  any  considerable  area  in  which  the  plant  grows, 
though  they  are  scarcely  likely  to  become  common.  To  facili- 
tate mention  of  the  plant  it  seems  desirable  that  a  form  name 
be  given  it  and  I  therefore  characterize  it  as 

ASCLEPIAS  TUBEKOSA  f .  LUTA. 

Flowers  clear  lemon-yellow  the  reflexed  petals  tinged  on  the  ex- 
terior with  orange ;  otherwise  like  the  type. 

The  form,  lutea,  is  comparable  to  the  white-flowered  and  white- 
berried  forms  found  in  many  species  though  it  probably  repre- 
sents a  transition  stage  midway  between  flowers  with  the  absence 
of  pigment  and  those  having  an  abundance  of  it.  It  is  another 
illustration  of  the  well-known  rule  that  red  flowered  forms  may 
be  expected  to  have  yellow  varieties.  It  is  noticeable  that  yellow 
flowers  rarely  produce  white  or  albino  forms,  though  red  and 
black  colors  are  often  accompanied  by  yellow  specimens. — Amer- 
ican Botanist, 


WIB£LE88  DI8TBESS  CALL8  NOT  TO  00  UNHEABD. 

One  of  the  most  noteworthy  steps  taken  during  the  International  Radio- 
Telegraphic  Conference  which  opened  in  London  June  4  and  closed 
July  5  is  the  laying  down  of  a  practical  rule  for  attendance  on  the  wireless 
apparatus  on  shipboard.  It  will  be  recalled  that  the  "Titanic's"  distress 
signals  went  unheard  by  vessels  in  the  immediate  vicinity  because  the 
single  operator  employed  on  those  ships  was  off  duty  at  the  time.  Under 
the  Conference  rule,  a  permanent  watch  is  required  on  ships  of  the  first 
class,  which  means  that  two  operators  must  be  employed,  and  on  ships 
of  the  second  class,  employing  only  one  operator,  the  receiving  apparatus 
must  be  attended  during  the  first  ten  minutes  of  each  hour.  In  order 
to  allow  the  operator  to  have  his  rest  unbroken  when  off  duty,  this 
provision  will  probably  mean  that  one  of  the  crew  trained  to  receive 
the  distress  signal,  will  be  required  to  listen  during  the  ten  minutes 
beginning  each  hour. — Scientific  American  Supplement. 
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A  COUBBE  IN  0HEMI8TBY  FOB  HOUBEHOLD  80IBNGB 
STUDENTS. 

By  J.  F.  Snell, 
Macdonald  College,  Ste.  Anne  de  Bellevue,  Quebec,  Canada, 

The  following  outline  of  a  course  in  elementary  chemistry,  spe- 
cially designed  for  students  of  household  science,  is  taken  from 
an  address  to  the  science  department  of  the  National  Education 
Association.  The  course  has  been  given  to  five  successive  classes 
in  Macdonald  College.  The  students  in  these  classes  have  been 
of  college  age  (from  seventeen  years  up)  but  of  very  unequal 
preliminary  education.  The  course  has  therefore  been  made 
simple,  and  the  writer  hopes  it  may  be  found  suitable  for  high 
school  girls.  The  aim  has  been  to  introduce  only  such  principles 
as  find  immediate  application  in  connection  with  household  work,, 
but  to  present  these  principles  in  a  correct  and  truly  scientific 
manner.  The  expository  matter  of  the  course  has  been  in  the 
hands  of  the  last  two  Macdonald  College  classes  in  printed  form,, 
and  it  is  hoped  that  the  full  course,  including  directions  for  the 
lecture  table  and  laboratory  experiments,  will  soon  be  r^^rly 
published  in  text-book  form. 

The  definition  of  chemical  change  is  first  discussed.  Such 
familiar  illustrations  as  the  charring  of  sugar,  the  souring  of 
milk,  and  the  fermentation  of  fruit  are  used,  in  addition  to  those 
commonly  preferred  on  account  of  their  theoretical  simplicity — 
such  actions  as  the  burning  of  magnesium  ribbon  and  the  rusting 
of  iron. 

Decomposition  is  exemplified,  not  only  by  such  chemically  sim- 
pie  changes  as  the  effect  of  heat  on  limestone,  and  the  electroly^ 
sis  of  water,  but  also  by  the  effect  of  heat  on  sugar  or  starch,  and 
the  putrefaction  of  meat  or  casein — reactions  with  which  the 
term  decomposition  is  commonly  associated  in  the  lay  mind. 

Following  the  conception  of  decomposition,  the  student  is  in- 
troduced to  the  ideas  of  element  and  compound  and  to  chemical 
nomenclature  reduced  to  its  lowest  terms — ^the  signification  of  the 
suffixes  "ide"  and  "ate."  Chemical  notation  is  utilized,  but  the 
student  is  not  required  to  master  it.  Reactions  are  conmionly 
expressed  in  words,  as  well  as  in  symbols.  The  atomic  theory 
is  presented  dogmatically  knd  its  relation  to  chemical  notation 
pointed  out. 

Instead  of  next  passing  to  a  study  of  the  elements  and  their- 
binary   compounds — as   is   commonly   done   in   purely   cultural: 
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courses — we  pass  directly  to  the  definitions  of  acid,  base,  and 
salt  Hydrogen  and  oxygen  having  been  prepared  incidentally 
to  the  introductory  topics  of  the  course,  it  is  not  difficult  to  show 
by  laboratory  experiments  that  the  substances  called  acids  have 
not  only  a  sour  taste  and  a  characteristic  effect  on  litmus,  but 
also  liberate  hydrogen  when  treated  with  metals;  The  formation 
of  salts  in  these  reactions  can  be  illustrated  not  only  by  evap- 
orating the  solutions,  but  also  by  a  lecture  experiment  in  which 
concentrated  hydrochloric  acid  is  treated  with  sodium,  and  the 
purified  solid  product  tasted  by  the  class. 

It  is  also  possible  to  establish  by  qualitative  experiments  that 
the  typical  base,  caustic  soda,  contains  the  three  elements,  sodium,, 
hydrogen,  and  oxygen.  The  insoluble  bases  and  basic  oxides 
are  then  introduced,  and  the  effects  of  acids  upon  them  illustrated 
and  explained.  The  rusting  of  iron  and  the  tarnish  of  other 
metals  are  accounted  for  as  due  to  superficial  oxidation,  iron 
oxide  scaling  off  and  exposing  new  surface,  while  zinc  and  alu- 
minium oxides  are  adherent,  and  serve  to  protect  the  metal  from 
further  corrosion.  The  various  artificial  protective  coatings  for 
iron  are  discussed,  and  the  virtue  of  prompt  polishing  of  stained 
household  cutlery  impressed.  The  effect  of  oxalic  acid  and  salt 
of  lemons  (acid  potassium  oxalate)  in  removing  rust  stains  from 
fabrics  is  also  explained  here. 

The  conception  of  strong  and  wiak  acids  is  next  introduced  by 
experiments  showing  that  normal  solutions  of  hydrochloric  and 
sulphuric  acids  attack  zinc  more  rapidly  than  do  the  equivalent  so- 
lutions of  formic  and  acetic  acids.  The  principle  having  been 
illustrated,  the  student  is  asked  to  memorize  a  classification  of 
the  common  acids  and  bases,  according  to  strength. 

A  laboratory  exercise  follows,  which  not  only  serves  as  a  re- 
view of  this  classification,  but  also  affords  practice  in  nomen- 
clature, and  introduces  the  conception  of  hydrolysis.  A  dozen 
soluble  salts  are  given  out  with  their  common  and  chemical 
names.  The  students  dissolve  the  salts  and  record  for  each  the 
reaction  to  litmus,  the  name  of  the  corresponding  acid  and  base, 
and  the  relative  strengths  of  these  acids  and  bases.  Reviewing 
the  record  they  discover  that  in  aqueous  solution  (i)  the  salts  of 
strong  acids  with  strong  bases,  e.  g.,  sodium  chloride,  are  neutral ; 
(2)  the  salts  of  strong  acids  with  weak  bases,  e,  g,,  aluminium 
sulphate,  are  acid;  (3)  the  salts  of  weak  acids  with  strong  bases, 
e.  g.,  sodium  carbonate,  are  alkaline;  and  (4)  that  no  salts  of 
weak  acids  with  weak  bases  have  been  given  them.     That  the 
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water  has  acted  upon  the  salts  derived  from  either  a  weak  acid 
or  a  weak  base  can  be  made  clear — ^at  least  for  the  case  of  a 
weak  acid — by  an  experiment  with  soap.  Dissolved  in  alcohol,  a 
good  soap  is  neutral  to  the  indicator,  phenol  phthalein.  The  ad- 
dition of  water  to  the  alcoholic  solution  causes  the  pink  colora- 
tion indicative  of  alkalies  to  appear.  The  water  has  liberated  a 
certain  amount  of  acid  and  base,  and  the  latter  being  strong 
has  affected  the  indicator. 

Hydrolysis  may  be  defined  as  such  action  of  water  on  a  mole- 
cule as  results  in  the  production  of  two  or  more  new  molecules. 
In  the  case  of  a  salt  the  new  molecules  formed  are  an  acid  and 
a  base.  But  the  general  principle  of  hydrolysis  is  illustrated  in 
many  other  reactions  of  importance  in  the  household,  and  par- 
ticularly in  the  processes  of  digestion  of  the  three  g^^eat  classes 
of  food  constituents,  proteins,  carbohydrates,  and  fats.  Hence 
the  prominence  accorded  to  a  phenomenon  commonly  ignored  in 
elementary  chemistry. 

The  interaction  of  two  salts,  with  the  production  of  a  precipi- 
tate, is  illustrated  by  the  action  of  soap  with  hard  water.  The 
topics  of  temporary  and  permanent  hardness  of  water,  and  the 
theory  of  water  softening  are  now  in  order. 

Ammonia  comes  next,  and  serves  as  a  connecting  link  be- 
tween the  alkalies  and  the  alcohols.  For  ammonium  hydroxide 
is  an  alkali,  and  can  be  classed  as  a  base,  if  we  slightly  modify 
the  definition  of  base  originally  learned.  And  familiarity  with 
the  ammonium  radical  prepares  the  student  to  accept  the  radicals 
of  the  alcohols. 

Incidentally,  uses  and  abuses  of  "household  ammonia"  may  be 
referred  to — uses  of  the  material  and  abuses  of  the  name. 

The  current  of  thought  now  flows  smoothly  into  the  regions 
of  organic  chemistry.  Alcohols  are  the  hydroxides  of  radicals 
composed  of  carbon  and  hydrogen.  Like  alkalies,  alcohols  react 
with  acids.  The  products  of  such  action  are  water  and  esters. 
Fats  are  esters.  Like  salts,  esters  can  be  hydrplyzed.  The  hy- 
drolysis of  esters  is  accelerated  by  the  removal  of  any  product 
of  the  reaction.  The  presence  of  a  strong  base  results  in  the 
immediate  removal  of  the  acid  formed  in  the  hydrolysis  of  an 
ester.  Hence  saponification  is  simply  the  hydrolysis  of  an  ester 
in  presence  of  a  base.    Therein  lies  the  basis  of  soap-making. 

The  dissolving  of  fats  in  such  liquids  as  benzine  is  contrasted 
with  their  behavior  on  shaking  with  water.  The  difference  is 
that  between  solution  and  emulsification.     Both  ^these  processes 
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are  utilized  in  the  cleaning  of  fabrics;  the  former  in  dry  cleaning, 
the  latter  in  laundry  practice,  where  the  marvelous  emulsifying 
powers  of  soap  solutions  play  a  part  of  immense  importance. 

Fats,  having  been  considered  in  the  role  of  raw  material  for 
soap-making,  and  in  that  of  dirt  on  fabrics,  have  now  to  be  dis- 
cussed as  constituents  of  foods.  Their  presence  in  some  foods 
is  obvious.  In  others,  such  as  oatmeal  and  nuts,  it  can  be  demon- 
strated by  extracting  the  ground  material  with  a  solvent,  filter- 
ing and  evaporating.  The  use  of  benzine,  rather  than  ether,  as 
the  solvent  will  be  appreciated  by  girls  of  weak  stomach. 

Fat  may  also  be  extracted  from  the  leanest  meat,  if  water  has 
first  been  removed  from  the  tissues  by  kneading  in  strong  alcohol. 
The  proportions  of  fat  in  various  foods  is  now  discussed  with  the 
class,  then  the  process  of  digestion  and  the  energy  or  fuel  value. 

In  studying  the  digestion  of  fats,  which  according  to  recent 
views  is  essentially  a  hydrolytic  process,  the  student  meets  with 
an  example  of  the  effect  of  a  ferment  in  accelerating  hydrolysis. 
The  same  influence  is  later  shown  to  be  equally  important  in  the 
digestion  of  carbohydrates  and  proteins,  and  is  more  readily 
demonstrated  by  laboratory  experiments  upon  nutrients  of  these 
classes  than  upon  the  fats. 

Following  the  fats,  the  carbohydrates  are  discussed.  By  plac- 
ing solutions  of  typical  sugars  and  polysaccharides  in  parchment 
dialyzers,  surrounded  by  water,  and  allowing  them  to  stand  over 
to  the  next  meeting  of  the  class,  the  fact  that  only  the  sugars 
pass  through  membranes  can  be  demonstrated.  This  explains 
the  necessity  of  hydrolytic  cleavage  of  the  polysaccharides  in  di- 
gestion. The  necessity  for  the  hydrolysis  of  the  disaccharides, 
cane  sugar,  malt  sugar,  and  milk  sugar,  it  has  been  my  custom  to 
leave  unexplained. 

The  digestion  of  starch  by  saliva  is,  of  course,  easily  demon- 
strated in  the  laboratory,  and  an  invertase  can  be  isolated  from 
yeast  and  used  to  illustrate  fermentative  hydrolysis  of  cane  sugar. 
Acid  hydrolysis  can  also  be  readily  demonstrated  with  cane  sugar, 
starch,  and  filter  paper.  Incidentally  to  these  experiments  the  stu- 
dent becomes  familiar  with  the  Fehling  test  for  reducing  sugars, 
and  the  iodine  test  for  starch.  The  modification  of  the  Fehling 
solution  devised  by  Dr.  Stanley  Benedict  (now  of  Cornell  Medi- 
cal College)  I  have  found  very  convenient  for  laboratory  use, 
as  it  is  kept  in  a  single  bottle,  and  does  not  deteriorate. 

Alcoholic  fermentation  and  caramelization  of  sugars  are  topics 
of  obvious  interest  to  the  housekeeper. 
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The  treatment  of  the  proteins,  the  most  complex  and  therefore 
the  most  difficult  class  of  nutrients,  must  now  be  faced  Their 
unique  composition  and  functions  must  obviously  be  emphasized, 
and  the  wide  divergence  of  properties  among^  them  must  not  be 
concealed.  A  few  of  the  leading  protein  t^sts  are  learned  tqr  ex- 
periment upon  isolated  proteins,  such  as  egg*  albumen,  blood  al- 
bumen, and  casein,  and  are  then  applied  to  food  materials,  and 
also  to  the  discrimination  of  silk  and  ivool  from  cotton  and  linen. 
The  digestion  of  proteins  is  illustrated  by  treatment  of  fibrin  with 
pepsin  in  hydrochloric  acid  solution,  and  ivith  trypsin  in  sodium 
bicarbonate. 

To  complete  the  discussion  of  foods,  the  composition  of  those 
of  vegetable  origin  is  contrasted  with  that  of  foods  of  animal 
origin.  The  leading  exceptions  to  the  general  rule  that  yegetaUe 
foods  are  carbohydrate  foods,  and  animal  foods  protein  and  fat 
foods,  are  recounted. 

In  the  discussicMi  of  foods,  fuel  value  has  to  be  given  promi- 
nence. Irving  Fisher's  mode  of  comparing-  fuel  values  and  ex- 
pressing the  composition  of  foods  recommends  itself  by  its  sim- 
plicity. It  is  of  much  greater  value  to  know  what  percentage  of 
the  total  fuel  value  of  a  food  comes  from  protein  than  to  know 
what  per  cent  of  the  total  weight  is  composed  of  protein. 

Dietary  Standards  conclude  the  subject  of  foods. 

The  discussion  of  combustion  I  have  allowed  to  follow  that  of 
foods,  though  it  would  be  possible  and  might  be  advantageous  to 
introduce  it  much  earlier. 

The  course  I  have  outlined  occupies  the  time  at  the  disposal 
of  my  class.  Teachers  having  more  time,  or  a  better-prepared 
and  better-graded  class  can  easily  expand  the  course  upon  the 
same  principle  of  selecting  the  theoretical  matter  appropriate  to 
the  household  applications  of  chemistry  which  they  desire  to 
bring  to  the  attention  of  the  class.  Whatever  work  is  undertaken, 
the  habits  of  careful  observation  and  logical  deduction  should  be 
fostered.  Any  household  science  course  which  docs  not  promote 
the  scientific  spirit  is  evidently  misnamed. 
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PROBUai  DEPARTMENT. 

By  E.  L.  Brown, 
Principal  North  Side  High  School,  Denver,  Colo, 

Readers  of  this  magazine  are  invited  to  send  solutions  of  the  problems 
in  which  they  are  interested.  Problems  and  solutions  ivUl  be  duly  credited 
to  their  authors.  Address  all  communications  to  E,  L,  Brown,  3433  Al- 
cott  Street,  Denver,  Colo, 

Algebra. 

303.  Proposed  by  Nelson  L,  Roray,  Metuchen,  N,  J. 

If    H"^     .   g+^    _    y-hy 
pb+ge        pe+ga      Pa+gb* 

show  tliat  ^<^+^-^^>  =r  (^+c)x+(c+a)yMa'^b)z 
a-\-b-\'C  bc-^rca-^-ab. 

(Hall  and  Knight's  Higher  Algebra,  p.  11,  ex.  11.) 
I.    Solution  by  T.  P,  Leighton,  Chicago,  III,,  and  M,  H.  Pearson,  Mont" 
gomery,  Ala, 

The  sum  of  the  antecedents  being  to  the  sum  of  the  consequents  as  an; 
antecedent  to  its  consequent;  we  have 

2(x+y+z)        ^    y+z 
(J>+q){a^b+c)         pb^qc 

Multiplying  the  given  ratios  by  a,  d,  ^  respectively  we  have 
aJrVz)    ^    bi.z-S'x)    ^   c{x4ry) 
pab  +  qac        pbc+qab       pea  +  qbc 
•   a(y+^)+Hz+x)+c(x+y)  ^   a{y+z)    ^    y-^z. 
{p+g){bc+ca+ab)  pab -{-qac  *"  pb+qc 

.      2ix+y+z)     ^  a{y+z)+b{z+x)+c(^-h^)  _,  (b+c)x-^ic+a)y^a+b)M 
"(p-^-gKa+b+c)  iP+gHbc+ca+ab)  (P+g){bc+ca+ad)      ' 

n.    Solution  by  C,  H,  Stoutenburgh,  Trenton,  N,  J, 
Using  the  first  two,  then  the  first  and  last  equations,*solving3  in  each 
case    for     —  and  equating  the  results: 

a(y+z)'-€(z'\-x)  _  b(y+s)—c{x+y) 

c(y+z)-b{z-{-x)  -  a(y+z)^b{x+yy 
Clearing  of  fractions  and  collecting  terms: 
{ab+ac)x+{<ib+bc)yMac+bc)zmic(i^^i^)jc+{^+c^)y+(t^&i)g, 
Adding  bcx-{-acy+abz  to  both  sides, 

(ab+bc+ca)xMab+bc+ca)y+{ab+bc+ca)z==^(l^bc+^)x+{(^ac+(!^)y 
+(a*+ab+^)z. 
Adding  the  1st  member  of  the  equation  to  both  sides 

That  is,  2[ab+bc'^ca)(X'^y+z)={a'hb'^c)[{b'hc)x-k-(a'^c)y+(a'k'b)z2. 
Whence         2{x-^y-hz)  ^  x{b+c)+y(c'ha)'^z{a'hb) 
a+b-tc  ab+bc+ca 

304.  Selected. 

Divide  a  number  a  into  two  parts  such  that  the  product  of  the  nth 
power  of  one  and  the  mth  power  of  the  other  shall  be  a  maximum.  (Solve 
without  the  use  of  calculus.) 
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Solution  by  F.  Eugene  Seymour,  Trenton^,  iN^.  y. 

The  following  proof  depends  upon  the  theoniin  :  TAc  prodact  oi  m 
number  of  positive  quantities  whose  sum  is  CQnst^at  Is  a  nuximim  wbm 
those  quantities  are  all  equal.  I 

Let  the  two  parts  be  x  and  a— ;r.  Then  it  is  required  to  find  what  wine 
of  X  makes  x^  •  (a— ^)"»  a  maximum. 

Let  L=^  •  (a-;r)"». 

Since  «  and  m  are  constants  evidently  1/  will  be  a  tni>yiTnpni  when  i 
-H(ff*^*i»*)  is  a  maximum. 

a — XT    a — X         \ 


'■"•(f)-(^"-(fTV     OC^ 


The  sum  of  the  factors  in  this  last  product  is  constant  since  tliere  are  ii 
factors  in  the  first  part  and  m  factors  in  the  second  part  twalritig  the  son  a. 

Hence  the  produce  (and  therefore  L)  will  be  a  nutximum  when  these 
factors  are  all  equal,  that  is  when 

X        a— jr  ,  an 

or  when  x  ^ 


Tlierefore  X^'(a^x)^  will  be  a  maximum  when 

m-\-n 

299.    Proposed  by  Henry  A.  Levy,  Houghton,  Mich. 
Find  the  value  of  the  undetermined  coefficients  in  the  expansion : 
(4!)>  1  64       ,     216  64  1 

«•(«+! )»...(«+4)»"  «•       («+l)«"^(fi-|-2)»      („+3J»"^(if-H)» 

_.  A  B 90 I  C 

"^  «(«+l)...(ii+4)  ^  «(«+l)...(»+3)       «(«+l)lii+2)  ^  ««(«+i,s...(j,+4J» 

+  ««(fi+l)*...(«+3)"'^  «■(«+!)•  («+2)»  +  »«(«+l)«  +  ««(«-f4)«' 
Solution  by  E.  B,  Bscoti,  Ann  Arbor,  Mich, 
The  expression  is  more  symmetrical  if  n  is  replaced  by  x — 2, 

(4! )« 1  64  216  64 


(;r-2)V-l)«;r»v:r-Hl)»v^-H2)»       (^-2)»        (jr--l)»  ^  ^         (^-#-1/   "^ 

(x+2^   ^   {x-2){x-l)x{x+l)(x-^2)  ^  {X'-2Kx-'l)x(x'hl) 

90  C 

(x-'2){x-l)x  "^  (;r-2)«,;r— l)V(jr-l-l)«i^+2)« 

,  '     D ,  B  F 

-^  (;„-2)«(;r-l)«^(;r-hl)«  ^  (;r-2)«(;r-lj«;r*  ^  (X'2)»(x—lf 

**■  (;r— 2)«(;r+2)«               ^^^ 
Transpo^ng  the  first  four  terms  on  the  right  side  to  the  left,  combining 
these  fractions  into  one  and  simplifying,  we  get 
— 90;r<-f-  1620;r^— 8730;g*H'  1290  ^  A^ g 

90  C P  -,. 


\ 
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(2) 


—90 
Also  transposins:  the  term  -; rr-? vr—  to  the  left  aide  and  combin- 

ing,  we  have 

270:gJ+1350jg^l350;g*-9270^+1080;r+13680    _ 

(^-4)  (;*:•— Djt    "*■ ^^^ 

Mtiltipl3diig  both  members  by  ;i:^:««— l)'(;r*— 4)*  and  putting  ;r=0  we  get 

C+4D+4E=0.  (4) 

Multipl3dng  both  members  by  x^  and  then  putting  .r=oo  we  get 

B+F+G=270.  (5) 

Multiplying  both  members  by  (x^-V^  and  then  putting  xmm\  we  get 

C+9D+36E+36P=5760.  (6) 

Multiplying  by  (x-k-Vf  and  putting  jr  =  —  1  we  get 

C+D=  —5760.  (7) 

Multiplying  by  (;r— 2)^  and  putting  ;r«=2  we  get 

C+16D-H44E+576F+36G=-3600.  (8) 

Multiplying  by  {x-^Zf  and  putting  x=i  ~2  we  get 

C+36G=3600.  (9) 

Multiplying  by  x^  and  putting  ;r=oo  we  get 

A+2B+6F=1350.  (10) 

By  solving  equations  (4)  to  (10)  we  find  the  values  of  A,  B,JC,  D,  E,y,  G. 

Geometry* 

305.    Proposed  by  P,  Eugene  Seymour,  Trenton,  N.  /. 
Given  the  three  distances  from  a  point  within  an  equilateral  triangle  to 
the  vertices  to  construct  the  triangle. 

I.  Solution  by  I.  L.  Winckler,  Cleveland,  Ohio, 

Let  a,  b,  c,  be  the  distances  from  the  vertices  A,  B,  C  to  O,  the  point 
within  the  equilateral  triangle.  Construct  the  triangle  OAD  with  the  sides 
OA,  AD,  DO  equal  respectively  to  a,  b,  c. 

On  DO  construct  an  equilateral  triangle  DOC,  C  and  A  being  on  oppo- 
site sides  of  DO,  and  draw  AC.  On  AC  construct  the  equilateral  triangle 
ACB  so  as  to  contain  the  point  O.    This  is  the  required  triangle. 

Draw  OB.  AOBC  =  AADC.  For  AC  =  CB,  OC  =CD,  and  ZACD 
^ZOCB,  each  being  equal  to  60**  —  ZOCA.    .".  OB  =  AD  =  b. 

II.  Solution  by  Norman  Anning,  North  Bend,  B,  C. 

Let  a,  b,  c  be  the  given  distances  and  d  the  side  of  the  required  triangle. 

Construct  the  triangle  ABC  whose  sides  are  a,  b,  c. 

Describe  equilateral  triangles  BCD,  CA£»  ABF  all  outward  The  lines 
AD,  BE  and  CF  are  equal  in  length  and  are  concurrent  at  O,  and  the 
whole  angle  about  O  is  divided  into  six  equal  parts. 

Write  X,  y,  z  for  AO,  BO,  CO.    We  have  the  equations 

l^=X*+X2+2*, 

i*=x*+xy+j^. 
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Applying  Ptolemy's  theorem  to 
the  cyclic  quadrilateral  BDCO  we 
find  that  OD  =  OB  +  OC  =  y+z, 

.-.AD  =  jr  +  y  +  ir  =  (/,  the 
side  of  the  required  equilateral  tri- 
angle. To  prove  this,  construct  the 
equilateral  triangle  LMN  whose 
side  is  d.  Divide  the  sides  as  shown 
in  the  figure  and  draw  parallels. 
These  will  be  concurrent  at  a 
point  P  such  that 

PI^=y-l-^r+^=fl"  or  PL=a. 

u :^ X     M     Similarly  PM  =  b  and  PN  =c, 

*•  and  LMN  is  the  required  triangle. 

Note:  If  the  equilateral  triangles  BCD,  CAE,  ABF  had  been  described 
all  inward  we  would  obtain  a  second  solution  of  the  more  general  prob- 
lem: ''Given  the  three  distances  from  any  point  within,  or  without;  an 
equilateral  triangle  to  the  vertices  to  construct  the  triangle." 

306.  Proposed  by  Editor. 

If  a  cube  and  an  octahedron  have  a  common  circumscribing  sphere, 
prove  that  their  surfaces  are  in  the  same  ratio  as  their  volumes. 
Solution  by  T,  F.  Leighton,  Chicago,  III. 

Denote  by  x  an  edge  of  the  octahedron.     The  octahedron  is  the  sum  of 

eight  pyramids  having  common  vertex  at  the  center  of  the  sphere;  the  bases 

of  the  pyramids  are  the  faces  of  the  octahedron.    These  faces  have  area, 

x^    y—  /- 

each,  expressed  by  -j-  v%  so  that  the  surface  of  the  octahedron  is  2;r*l/3, 

and  its  volume  is  2;r'|/3^ times  one-third  the  common  altitude  of  the  pyra- 
mids, or  2;c*l/T  times ;=,  or  yix^l/Z.    The  diagonal  of  the  cube  passes 

through  the  center  of  the  sphere,  and  under  the  h3rpothesis  equals  x\/2. 
If  we  denote  by  y  the  edge  of  the  cube,  y\/3  is  its  diagonal,  and>'|/3= 
x\/2,  OT  y^2x/  l/6.    The  surface  of  the  cube  is  therefore  4jr*,  and  its 

4;t* 
volume  is  7=- 

3l/6^ 

'  ■    Sc  4x*  2    ' 

and^  =  ii£ll^=Vl. 
Vc  4^  2 

3i/6 
.     So    ^Vo 

••  ST      vT' 

Trigonom^txy. 

307.  Proposed  by  A.  C,  Smith,  Denver,  Colo. 
Show  that  cos  36"*  cos  72**  =  %. 

L    Solution  by  R.  M.  Mathews,  Chicago,  III. 
The  equation  cos  36*  cos  72° =X  is  of  the  form 
cos  A-  cos2A=X. 
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Since  cos  2Ass2  cos  'A — 1  this  becomes 

8  cos?  A— 4  cos  A— 1=0, 
A  cubic  to  be  solved  for  cos  A. 
Factoring,  (2  cos  A-f  1X4  cos  "A— 2  cos  A— 1)  »0, 

whence  cos  A=  -j^ ,  ^+V^  ,    Izl^. 
4  4 

When  cos  A«  -^,  A=120%  240^ 

cos  A=  idbl^  =  .8090,  A=36%  324"; 

cos  A=  ^-V"^   =  —  .3090,  A=108%  252\ 
4 

II.  Solution  by  Norman  Anning,  North  Bend,  B.  C. 
Cos*  36'-co8^  72'=>i(2  cos^  36-1-1-1—2  cos^  72'') 

=^(cos72''-co8l44') 
=>i(cos72^+cos36'') 
Divide  through  by  cos  36*+ cos  72"  which  is  not  zero  since  each  is  positive. 
.*.  cos  36"— cos  72'=^, 
cos36"+cosl08'  =  M, 
2  cos  72' cos  36"-=^. 
.-.  cos36'cos72'=X. 

III.  Solution  by  P.  Eugene  Seymour,  Trenton,  N,  /. 

het  ABC  be  a  A  constructed  containing  the  given  angles,  A =72°,  C=36*, 
and  .'.  6=72*".  Let  CD  be  the  altitude  from  C  and  AM  the  bisector  of  the 
Z  A.    Let  AB=2r,  AC=BC=d.     .  •.  AB=CE=AB=2^,  and  BE=^2<:. 


Cos  72*^=-^;   .-.  2cos^36*-l=  y,   or  cos  36°=^^. 


.•.cos36-.cos72-=-f^. 
But,  since  AE  bisects  the  Z  A, 

{b^2c)  :  2£==2c  :  d,  whence  d^c  (l/5"+l). 

.-.cos  36°.  cos  72*=  -7--L r       I  c  {1/5-^  2) 

r  (1/5  +  1)  \2^  (1/5^+1)        '^' 

IV.    Solution  by  the  Proposer. 

Let  AOE  be  diameter  of  circle  O;  AB,  BC,  CD  sides  of  a  regular  inscribed 
decagon;  BD,  DE  sides  of  a  regular  inscribed  pentagon;  CP  a  diameter 
intersecting  BD  in  M  and  AB  produced  in  L.  Let  /sEDsDB,  and 
^=AB=BC=CD. 

Let  r=  radius  of  circle.  BL=BO=r  and  M  is  mid-point  of  LOs=r-f-<f, 
•ince  LC=BC=^. 

LA  .  LB=LP  •  LC,  or  r(r+d)=d(d+2r),     .  \  r*=cfl+rd,  (1) 

BM«=BO«-OM«,  or  (>>/2)«=f«-  (^^±^*.     .\ /^^Sr^-Zrd-^d*  (2) 

From  (1)  and  (2),/^=r»+d*.  (3) 

BD«=BOH-DO«— 2B0  -  DO  •  cos  BOD,  or/^^2r*^2r*  cos  72*.  (4) 

BC*=BO«+CO«— 2B0 .  CO .  cos  BOC,  or  d*^2r*--2f*  cos  36\  (5) 

From  (3)  and  (4),  /«— ^=2f«(cos  36''— cos  72')  (6) 
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.-.  from  (3)  and  (6),  cos  36"— cos  72*«k^- 

But  cos  36*--co6  IZ^^l  sin  54^  sin  IS'' =2  000  3^"*  cx>s  72*". 

.-.  2  cos  36*  cos  72**=^, 

orcos36'  cos  72'=X. 


OBEDIT  FOB  SOItUnOJrS  SEOBIVXS 

303.  Byron  Cosby,  A.  M.  Harding,  T^iii^   Fitcb,   T.  F.  Ui^toa,  D.  £ 

MacCormick,  R.  M.  Mathews,  A.  JU  J^TcCar^,  M  E  Pcanon  F. 
Eugene  Seymour,  C.  H.  Stoutenbursr^  I.  I^  Winckkr.  (II) 

304.  E.  Eugene  Seymour,  C.  H.  Stoutenbursrli.      (2) 

305.  Norman  Anning,  M.  H.  Pearsoti,   C.    H.    StoutcDbm^  F.  Eogcne 

Seymour,  I.  L.  Winckler.     (5) 

306.  T.  F.  Leighton,  R.  M.  Mathews,  M.  U.  Pearson,  KtnneA  Reynold^ 

C.  H.  Stoutenburgh,  I.  L.  Winckler.      C^) 

207.  Norman  Anning,  A.  M.  Harding,  E.  A.  I*oUsLrd  Jones,  T.  F.  Leigh- 
ton,  R.  M.  Mathews  (2  solutions),  A.  I^  McCarty,  M.  E  Pearson 
F.  Eugene  Seymour,  A.  C  Smith,  C.  H.  Stoutenburet  I.  L 
Winckler.    (12) 

Total  number  of  solutions,  36. 


PROBLEMS  FOB  SOI^UTIOK. 

Algebra. 

318.  Proposed  by  Elmer  Schuyler,  Brooklyn,  N.  K. 
A  man  was  bom  in  the  nineteenth  century. 

He  was  x  years  of  age  in  year  jr*. 
Find  his  age  in  the  year  1875. 

319.  Proposed  by  E.  B.  Escott,  Ann  Arbor,  Mich. 

Solve:  x*-'(y-2)*=a.  (1) 

y-(^-^)*=d.  (2) 

j^(x^y)*^c.  (3) 

Qeomefery. 

320.  Proposed  by  Elmer  Schuyler,  Brooklyn,  N,  K. 

The  distance  between  the  centers  of  two  circles  is  12,  The  length  of 
the  common  external  tangent  is  15  and  that  of  the  common  internal 
tangent  is  10.    Required  the  radii  of  the  circles. 

321.  Proposed  by  L.  L,  Harding,  Suffield,  Conn, 

The  arc  of  a  circle  is  350  feet  long;  the  distance  from  its  mid-potnt 
to  its  chord  is  four  inches.    What  is  the  length  of  the  chord? 

322.  Proposed  by  H.  E,  Trefethen,  Waterville,  Me, 

The  centers  of  two  circles  are  A  and  B.  Draw  their  common  tangents 
with  the  straight  edge  only. 


NEABLT  THREE  FOURTHS  OF  A  MILLION  MDTERS. 

The  number  of  miners  engaged  in  bittuninous  and  lignite  mfnfng_  m 
1911  was  549,750  and  those  in  anthracite  mining;  172,585,  a  total  of  722; 
335.  The  average  production  per  man  was  738  tons  for  the  year  in  the 
bituminous  and  lignite  mines  and  524  tons  in  the  anthracite  mines.  In 
*910  the  corresponding  averages  were  751  and  498  tons. 
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80IEH0B  QUESTIONS. 

By  FitANxuN  T.  Josns, 
University  School,  Cleveland,  Ohio. 

Readers  of  ScHoot  SciENGe  and  Mathematics  are  invited  to  propose 
questions  for  solutions-scientific  or  pedagogical-^cnd  to  answer  questions 
proposed  by  others  or  by  themselves.  Kindly  address  all  communications 
to  Franklin  T.  Jones,  University  School,  Cleveland,  Ohio. 

QnestioiiB  and  ProUenui  for  Solution. 

97.  Proposed  by  C.  B.  Guffin,  Wellman-Seaver-M organ,  Engineering 
Co,,  Cleveland,  Ohio.    (This  is  an  actual  problem.) 

A  load  is  attached  to  the  axle  of  a  sheave  and  the  whole  suspended  by 
means  of  a  rope  passed  around  the  sheave  so  as  to  divide  the  load  on  the 
ropes  into  two  parts.  Call  that  part  of  the  rope  on  one  side  of  the  sheave 
A  and  that  on  the  other  side  B. 

The  suspended  load  amounts  to  ^,000  lbs.  With  the  end  of  the  rope 
B  fixed,  what  will  be  the  pull  at  A  necessary  to  lift  the  load  if  friction 
reduces  the  efficiency  to  97.5%.    What  will  be  the  pull  at  B  ? 

[The  following  lists  of  questions  are  from  the  University  of  Melbourne. 
These  particular  questions  are  entitled  Senior  Public  Examination.] 

Please  answer  serially  numbered  questions, 

Ohemifftry. 

1.  Describe  fully  one  method  by  which  the  exact  composition  of  water 
has  been  determined. 

What  are  the  respective  advantages  of  adopting  H  =  1  or  O  =  16  as 
a  standard  for  the  atomic  weights  of  the  elements? 

98.  One  volume  of  acetone  will  dissolve  25  volumes  of  acetylene  at 
IS'C.  Asstuning  the  validity  of  Henry's  law,  what  weight  of  calcium 
carbide  will  be  required  to  generate  sufficient  acetylene  to  saturate  one 
litre  of  acetone  at  15®C.  under  a  pressure  of  9  atmospheres. 

3.  How  would  you  prepare  pure  calcium  carbonate  from  an  impure 
magnesian  limestone? 

4.  Write  an  essay  on  water  of  crystallization. 

5.  Describe  what  happens  when — 

(a)  nitrogen  is  passed  over  red-hot  magnesium; 

lb)  a  mixture  of  calcium  sulphate  and  charcoal  are  heated  to  redness 
in  a  closed  crucible; 
(c)  dry  chlorine  is  passed  over  a  heated  mixture  of  carbon  and  alumina. 
What  is  the  action  of  water  on  each  product? 

6.  How  does  starch  occur  in  nature?  Describe  its  purification  and 
conversion  into  glucose. 

Physics, 

1.  Give  a  full  description,  experimental  and  theoretical,  of  the  method 
employed  by  Regnault  for  determining  the  expansion  of  mercury. 

2.  The  Torricellian  vacuum  of  a  barometer  ca|i  be  put  in  communica- 
tion, by  means  of  taps,  with  the  upper  parts  of  two  closed  vessels ;  one  of 
these  contains  only  water  and  its  vapor,  the  other  alcohol  and  its  vapor. 
Both  taps  are  opened  when  the  barometer  is  recording  atmospheric  pres- 
sure, and  afterwards  left  open. 

Describe  the  sequence  of  phenomena,  inside  the  barometer  tube  and  the 
other  two  vessels,  and  account  for  it  as  far  as  you  can. 
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99.  A  calorimeter  weighs  65  grammes  empty  and  327^  grammes  when 
three- fourths  filled  with  water  at  room  temperature  14.9** C.  Steam 
is  blown  in  till  the  temperature  becomes  25.1^  C,  an  operation  which  lasts 
1  minute;  the  temperature  falls  0.6"  in  the  next  3  minutes.  The  calori- 
meter and  contents  now  weigh  332  grammes.  Taking  the  specific  heat 
of  the  material  of  the  calorimeter  as  0.1,  find  the  Latent  Heat  of  steam. 

4.  Describe  a  practical  method  of  determining  the  magnetic  declination. 

5.  Describe  the  construction  of  a  Leyden  Jar,  give  some  account  of  its 
uses,  and  obtain  an  expression  for  its  capacity  in  terms  of  its  dimensions. 

6.  Describe  the  construction  and  mode  of  use  of  the  Tangent  Galvan- 
ometer. 

It  is  desired  to  construct  a  tangent  galvanometer,  such  that  a  current  ol 
1  deciampere  in  its  coil  shall  deflect  the  needle  through  45**  at  a  place 
where  H  =  022;  the  coil  is  to  contain  25  turns  of  wire.  Find  the  proper 
value  for  its  mean  radius. 

7.  Describe  one  practical  method  of  measuring  the  velocity  of  Light. 

8.  Explain  the  terms  Focus,  Principal  Focus,  Conjugate  Foci,  Focal 
Length. 

Obtain  the  general  relation  between  the  focal  length  of  a  spherical 
mirror  and  the  distances  from  the  mirror  to  a  bright  point  on  its  principal 
axis  and  to  the  image  of  the  point 

9.  What  do  you  understand  by  the  terms  Musical  Interval,  Octave, 
Major  Third? 

Give  a  full  account  of  the  musical  intervals  of  the  diatonic  scale. 

10.  The  lower  end  of  a  thin-walled  tube,  3.5  cm.  in  diameter,  is  im- 
mersed in  water;  when  the  upper  end  is  31.7  cm.  above  the  water,  the 
tube  gives  its  best  resonance  to  a  fork  vibrating  258  times  per  second. 
Find  the  velocity  of  sound  in  the  air  inside  the  tube. 

Solutioiifl  and  Answers. 

82b.  A  body  whose  specific  gravity  is  7.6  weighs  54.6  gm.    What  will 

it  weigh  in  oil  whose  specific  gravity  is  0.9? 

Correction  by  Jno.  A.  Hodge,  Sumner  High  School,  Kansas  City,  Kan, 

54  6 
Volume  body  =  -^  =7.18^.r. 
/.o 

Weight  oil  displaced=7.18X.9=6.46.^w. 

Weight  body  in  oil =54.6— 6.46=48. 14^w.  Ans. 

96.    Proposed  by  C,  A.  Perrigo,  Dodge,  Neb, 

The  record  baseball  throw  is  400  feet    Find  the  initial  velocity. 

Solution  by  Jno,  A,  Hodge,  Sumner  High  School,  Kansas  City,  Kan, 

Since  there  is  nothing  said  as  to  the  angle  at  which  the  ball  is  thrown 

we  may  consider  a  particular  case  and  the  general  one. 

I.      Ball  thrown  vertically  upward. 


2/=l/?i5  =  1/64,4X400  =  1/25760=160.5  ft.  per  sec. 
II.    Ball  thrown  at  the  angle  ^. 

Let  V  =  initial  velocity,  then  x  =  v  cos  9,t  where  x  is  the  horizontal 
distance  the  ball  is  thrown,  /  being  the  time  that  has  elapsed  after  start- 
ing, n  Also  vertical  height,  j/  =  z/  sin  ^-  /  —  >4^/*. 
Eliminating  /  from  the  equations: 

x^=sv  cos  0  •  / 
y=v  sin  0  •  /■— j^^/* 
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we  get  y=sx  tan  tf —  ^-j — j^  which  is  the  rectangular  equation    of  the 
trajectory. 

Putting  y=0  in  the  trajectory  we  get:    x^= •     Hence,     knowing 

:r  to  be  400  and  the  angle  to  be  9,  we  can  find  v, 

Notb: — X  is  found  to  be  a  maximum  when  9=45^,  the  angle  at  which  a 
record  throw  would  perhaps  be  made. 

Hence  we  have: 

400=^^^°^°  =  ii 

2;«  =  400  X  32.2  =  12880 


V  =  1/12880  =  113.5  ft.  per  sec. 
Also  solved  by  C.  A,  Pgrrigo, 


A  METHOD  OF  TESTING  OPTICAL  GLASS. 

It  frequently  happens  that  a  large  object-glass  or  prism,  after  going 
through  the  long  and  expensive  process  of  grinding,  polishing,  and  figur- 
ing, must  be  rejected  because  of  internal  defects  in  Uie  glass.  Not  long 
ago  the  Solar  Observatory  received  from  a  celebrated  firm  in  Germany 
a  large  prism  which  was  so  defective  that  the  Di  line  seen  through  the 
upper  part  of  the  prism  fell  upon  the  Ds  line  observed  through  the  lower 
part.  The  figure  of  the  surfaces  was  excellent,  and  the  whole  difficulty  lay 
within  the  glass.  Subsequent  attempts  to  obtain  large  blocks  of  glass  for 
prisms  have  been  equally  unsuccessful,  ^and  as  the  same  difficulty  has  been 
experienced  with  several  objectives  (including  one  of  12  inches  aperture 
for  the  150- foot  tower  telescopes),  the  importance  of  avoiding  the  loss  of 
time  and  the  expense  thus  involved  is  apparent  It  would  seem  probable 
that  the  following  simple  process  of  testing  glass  blocks  or  disks,  without 
giving  them  a  perfect  optical  figure,  must  have  suggested  itself  to  others. 
But  perhaps  it  has  serious  defects  which  a  trial,  soon  to  be  made  here,  will 
reveal,  for  I  understand  that  all  opticians  now  complete  the  figuring  of 
objectives  and  prisms  before  they  can  discover  inequalities  of  structure 
less  obvious  than  those  shown  by  the  polariscope. 

Suppose  the  block  of  glass  to  be  in  the  form  of  a  prism,  the  faces  of 
which  may  be  polished,  but  not  accurately  figured.  With  the  aid  of  a  Zeiss 
refractometer  and  some  fragments  of  the  prism  glass,  the  index  of  refrac- 
tion is  measured.  The  block  is  then  placed  in  a  tank,  with  two  opposite 
windows  of  optical  glass,  the  outer  face  of  each  a  good  optical  plane,  the 
inner  one  less  perfect.  The  tank  is  then  filled  with  a  liquid  of  nearly  the 
same  index  of  refraction  as  the  prism,  easily  prepared  by  mixing  two 
liquids  of  higher  and  lower  indices.  Any  defects  of  the  prism  glass  should 
then  be  rendered  visible  with  a  Michelson  interferometer,  or  by  interposing 
the  tank  in  the  path  of  a  beam  of  parallel  light,  and  applying  the  knife 
edge  test  If  necessary,  the  liquid  may  be  kept  at  a  constant  temperature 
and  stirred  during  the  observations. 

If  the  tank  were  stably  motmted  and  quite  free  from  vibration,  a 
simple  reflecting  surface  (perhaps  even  a  mercury  surface)  as  its  base, 
returning  the  light  sent  vertically  downward  through  the  block  of  glas% 
might  serve  in  place  of  the  two  windows.  But  in  this  case  the  liquid 
could  not  be  stirred  nor  the  block  of  glass  moved  during  the  test — Popular 
Astronomy. 
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ABTIOLES  IN  OURRENT  PEBIODIOALS. 

Condor  for  September-October :  "The  Discovery  of  the  Nest  and  Eggs 
of  the  California  Pine  Grosbeak" .  (with  17  photos  by  Oluf  J.  Heinemann 
and  the  author),  Milton  S.  Ray;  "Notes  f rom  Todos  Santos  Islands,"  A. 

B.  Howell ;  "Some  Birds  of  the  Saw-tooth  Momitains,  Idaho/'  Stanley  G. 
Jewett ;  "Breeding  of  the  Band-tailed  Pigeon  in  Marin  County,  California," 
Joseph  Milliard;  "Breeding  of  the  Scott  Sparrow"  (with  one  photo),  F. 

C.  Willard;  "White- winged  Dove  in  the  San  Diegan  District,"  Joseph 
Dixon;  "An  Elevated  (Smp"  (with  two  photos),  Charles  W.  Bowles; 
"Egrets  in  California,"  H.  C.  Bryant;  "Blue  Jay  Imitating  Song  of  Brown 
Thrasher,"  S.  S.  Visher. 

Education  for  October :  "Moral  Training  in  Public  Schools,"  John  T. 
Prince;  "College  Ethics,"  Charles  Fordyce;  **The  Training  of  Rural 
Teachers,"  Clara  Brooks  Fishpaw;  "Equality  and  the  Schools,"  Frank 
P.  Whitney;  "Training  for  Social  Efficiency,"  Laura  H.  Wild;  "Social 
Hygiene,"  F.  M.  Gregg;  "Pre- Vocational  Training,"  Charles  A.  King; 
"The  Special  Transfer  Class  at  the  Newton  Technical  High  School," 
Mary  A.  Laselle. 

Educational  Psychology  for  October:  "The  Child's  Speech,  I.  The 
Impulse  to  Speech,"  Robert  MacDougall ;  "Graded  Mental  Tests.  Part  II. 
Association,  Invention,  and  Construction,"  Carrie  Ranson  Squire;  "A 
Comparison  of  the  Binet  Tests  of  1908  and  1911,"  Charles  Scott  Berry; 
"Pedagogy  at  the  Berlin  Psychological  Ck)ngress,"  W.  Peters. 

American  Botanist  for  August:  "  Phlox  Argillacea,"  Willard  N.  Clute; 
"Some  Interesting  April  Flowers,"  Dr.  W.  W.  Bailey;  "Some  Minnesota 
Roses,"  Lycurgus  R.  Moyer;  "The  Yellow  Butterfly  Weed,"  Willard  N. 
Clute;  "The  Cactus  and  the  Desert." 

Catholic  Educational  Review  for  October:  "Problems  of  the  Elemen- 
tary School,"  W.  J.  Fitzgerald;  "The  Quality  of  Culture,"  Thomas  Ed- 
ward Shields ;  "The  Recitation :  Its  Nature,  Scope  and  Principles,"  Brother 
C^nstantius;  "An  Educational  Explorer  in  South  America." 

VEnseignement  Mathimatique  for  September:  "Sur  les  determinants 
i  plusicurs  dimensions,"  Maurice  Lecat;  "Qu*est-ce  qu'un  vecteur?"  C 
A.  Laisant;  "Le  5me  Congres  International  Des  Mathematiciens,  Cam- 
bridge, aout  1912,"  H.  Fehr. 

Nature-Study  Review  for  October:  "The  School  Garden  and  Funda- 
mentals of  Education,"  Otis  W.  Caldwell;  "Indoor  Bulb- Planting  in 
Schools,"  Mary  F.  Barrett ;  "The  Use  of  Spring  Flowering  Bulbs,"  Grant 
Smith;  "A  Feathered  Policeman,"  Harriet  Williams  Myers;  "How  to 
Grow  Bulbs  for  the  Schoolroom,"  H.  D.  Hemenway;  "Nature-Study  and 
Hygiene— II— The  Teeth,"  F.  M.  Gregg. 

Photo-Era  for  October:  "Home- Portraiture,"  David  J.  Cook;  "Epi- 
taphs," Pictorial  Photography  and  the  Art-Critic,"  Charles  J.  Adams; 
"California  Camera  Club,"  L.  J.  Stellmann;  "How  to  Make  an  Enlarging- 
Lantern,"  Wm.  S.  Davis;  "Ortho.  Photography  with  the  Focal-Plane 
Shutter,"  Phil  M.  Riley;  "A  Developer  for  Underexposed  Plates,"  L.  C 
Bishop. 

Physical  Review  for  September :  "On  the  Theory  of  Relativity :  Anal- 
ysis of  the  Postulates,"  R.  D.  Carmichael;  "On  the  Motion  of  a  Disc 
with  Three  Supports  on  a  Rough  Plane,"  Peter  Field;  "The  Effect  of 
Vibration  on  the  Resistance  of  Metals,"  H.  L.  Brakel;  "Reflection  of  B 
Rays  by  Thin  Metal  Plates,"  William  B.  Huff;  "A  Spontaneous  Electro- 
motive-Force hi  Cells  of  Alkali  Metals,"  Jay  W.  Woodrow;  "Diffraction 
Grating  Method  for  Determining  Index  of  Refraction,"  Frederick  A. 
Osborn  and  Horace  H.  Lester;  "A  Study  of  the  Spheroidal  State,"  C  W. 
Batdorf ;  "A  Theoretical  Correction  to  the  Drop  Method  of  Determining 
the  Elementary  Charge,"  Arthur  C.  Lunn;  "The  Mechanical  Forces  be- 
tween Moving  Electric  Charges,"  R.  F.  Sharpe. 

Popular  Astronomy  for  November:  "The  Recent  Disturbance  in  the 
Northern   Equatorial   Belt  of  Jupiter,"  with  plate  XXVII,   Latimer  J 
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Wilson;  "Helium  Stars  Having  Bright  Lines  in  Their  Spectra,"  with 
plate  XXVIII,  Paul  W.  Merrill;  **Thc  Driving  Clock  and  the  Clamp 
and  Slow-Motion  Screws  of  an  Equatorial,"  with  plates  XXIX,  XXX 
and  XXXI,  William  F.  Rigge;  "Rosa  Ursina,  Sive  Sol.  a  Retrospect,"  H. 

D.  Curtis;  "Use  of  the  Field  Glass  in  Observing  Variable  Stars,"  H.  W. 
Vrooman;  "Eclipsing  Binaries,"  Harlow  Shapley;  "Gale's  Comet  a  1911" 

E.  E.  Barnard. 

Popular  Science  MoniMy  for  November :  "A  Round-the- World  Botan- 
ical Excursion,"  Charles  J.  Chamberlain ;  "Some  Aspects  of  Anaphylaxis," 
John  Auer;  "The  Permanence  of  Interests  and  their  Relation  to  Abilities," 
Edward  L.  Thomdike;  "China's  Great  Problem,"  Thomas  T.  Read; 
"Modem  Warfare  against  Grasshoppers,"  F.  L.  Washburn;  "The  Rela- 
tion of  Eugenics  to  Euthenics,"  Leon  J.  Cole;  "Negroes  Who  Owned 
Slaves,"  Calvin  D.  Wilson;  "The  Administrative  Peril  in  Education," 
Joseph  Jastrow. 

School  Review  for  October:  "Teaching  High  School  Pupils  How  to 
Study,"  Ernest  R.  Breslich;  "Home-Study  Reform,"  William  Wiener. 

School  Review  for  November:  "Educational  Advertising,"  Neil  E. 
Stevens;  "An  Inquiry  into  the  Causes  of  Student  Delinquency,"  W.  W. 
Hobbs,  E.  Dudley  Parsons,  D.  H.  Holbrook,  W.  H.  Shephard;  "The  Or- 
ganization of  a  College  Department  of  Education,"  E.  A.  Miller. 

School  World  for  October:  "The  Kinematograph  in  School,"  H.  O. 
Hale;  "Education  at  the  British  Association,"  H.  Bompas  Smith;  "An 
Objective  Standard  in  Education,"  John  Adams;  "General  and  Vocational 
Education,"  Miss  L.  M.  Faithfull;  "Vocational  Training  in  Edinburgh," 
J.  W.  Peck;  "Teachers  and  Educational  Research,"  II,  T.  Raymont; 
"Eyesight  and  Typography,"  Report  of  British  Association  Committee; 
"The  Present  Position  of  Mathematical  Teaching,"  (1)  William  P.  Milne 
and  (2)  P.  Pinkerton. 

Unterrichtsbldtter  fur  Maihematik  und  Naturwissenschaften,  Nr.  6: 
"Der  chemische  Unterricht  an  den  Realanstalten,"  Prof.  Dr.  E.  Lowen- 
hardt;  "Die  Berechnung  des  Kreisinhaltes,"  Prof.  Dr.  H.  E.  Timerding. 

Zeitschrift  fur  Mathematischen  und  Naturwissenschaften  Unterricht  for 
September:  "Elementargeometrische  Behandlung  der  Krcisteilungslehre," 
Alb.  Schmidt ;  "Wertigkeit  des  Tetraederinhalts,"  Karl  Schwering ;  "Einige 
einfache  Demonstrationsexperimente  aus  der  neueren  Physik,"  Dr.  H. 
Greinacher;  "^-Konstruktion,"  Clemens  Brosch;  "Bestimmung  der  Zahl 
der  reelen  Losungen  einer  dreigliedrigen  Gleichung  von  der  Form 
*  =  ax  -\-  b  auf  graphischem  Wege,"  Oberl  Dr.  Weil ;  "Zur  Geometro- 
graphie,"  Edited  by  K.  Hagge. 

Zeitschrift  fiir  den  Physikalischen  und  Chemischen  Unterricht. for  St^ 
tember:  "Versuche  mit  neuen  Thermoskop-Rezeptoren,"  J.  Schneider; 
"Zur  Orientierung  photographischer  Aufnahmen  einer  Sonnenfinsternis," 
K.  Hoecken;  "Schiileriibungen  im  physikalischen  Anfangsunterricht," 
Beck;  "Neue  chemische  Unterrichtsapparate,"  J.  Lang. 


A  PBOJECTOSCOPE  FOB  THE  HOME. 

There  has  recently  been  placed  on  the  market  by  the  Bausch  and  Lomb 
Optical  Co.  a  new  Model  B  Balopticon  for  projecting  slides  in  your  own 
home  for  the  benefit  and  pleasure  of  one's  friends.  There  is  nothing 
better,  for  the  price,  to  use  in  any  small  room  than  their  Model  B.  It  is 
easily  operated  by  persons  with  no  experience  in  this  kind  of  work.  They 
furnish  a  100-watt  special  Tungsten  lamp  with  the  lantern.  It  can  be  used 
on  the  ordinary  house-lightmg  circuit.  This  is  just  the  lantern  with  which 
to  entertain  in  one's  home,  showing  slides  of  photographs  which  one 
may  have  taken  in  traveling.  The  price  is  only  $18.00.  Write  the  firm 
for  full  information. 
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AN  mSTRUTE  THAT  STABTS  WITH  |10,000,000. 

Pew  institutions  of  learning  have  begun  their  existence  tinder  sadi 
tuspioious  circumstances  as  the  William  M.  Rice  Institute;  which  opened 
its  doors  this  fall  at  Houston,  Tex^  with  an  original  fund  for  $l(lOO0tO0O 
for  endowment  and  maintenance ;  with  ihe  iortxnost  educators  in  the  na- 
tion aiding  in  planning  its  future;  with  picked  men  for  administradre 
offices  and  faculty;  and  with  a  vigorous,  growing  country  in  which  to 
prosper  and  wield  its  influence.  It  is  small  wonder  that  the  opening  of 
this  institution  should  be  attended  by  noted  educators  from  all  over  the 
world,  as  well  as  official  government  representatives.  Dr.  P.  P.  Claxtoo, 
United  States  Commissioner  of  Education,  deputized  as  special  represen- 
tative of  the  Bureau  at  the  ceremonies'  Dr.  Kendric  C  Babcock,  specialist 
m  higher  education. 

Rice  Institute  was  made  possible  by  the  munificence  of  William  Marsh 
Rice,  a  native  of  Massachusetts,  but  for  many  years  a  resident  of  Houston. 
Before  his  death  in  1900,  Mr.  Rice  made  far-reaching  plans  for  the 
establishment  of  a  nonpolitical  and  nonsectarian  institution  to  be  dedi- 
cated to  the  advancement  of  letters,  science,  and  art.  During  the  long  I 
period  of  litigation  that  followed  Mr.  Rice's  death,  the  trustees  called  i 
Dr.  Edgar  Odell  Lovett,  a  professor  in  Princeton  University,  a  man  of  i 
wide  experience  and  lofty  aims  to  aid  them  as  president  in  realizing  the 
founder's  aspirations.  President  Lovett  was  instructed  to  learn  all  he 
could  about  other  institutions  of  higher  learning  before  beginning  his 
own.  He  traveled  all  over  the  world  in  the  interest  of  the  new  entei^ 
prise*  visited  the  leading  educational  and  scientific  establishments,  and 
returned  in  the  summer  of  1909  from  a  year's  journey  of  study  that 
extended  from  England  to  Japan.  Meanwhile  the  trustees  had  secured 
300  acres  of  land  on  the  extension  of  Houston's  main  thoroughfare  as  a 
site  for  the  institute,  and  engaged  experts  to  b^n  upon  a  comprehensive 
architectural  plan  that  would  embody  in  succeeding  years  the  purposes  of 
the  institute.  This  fall  building  operations  had  progressed  so  far  that 
it  was  deemed  advisable  to  hold  formal  dedication  exercises  and  to  open 
the  institution  to  students. 

As  a  result  of  the  systematic  planning  for  the  future,  the  buildings  of 
Rice  Institute  will  be  a  real  contribution  to  American  architecture.  Evolved 
from  the  best  European  types,  yet  carefully  adjusted  to  the  climatic  con- 
ditions of  the  Southwest,  the  buildings  will  illustrate  a  distinctiy  appro- 
priate style  of  architecture.  The  institute  will  not  grow  in  a  sporadic  and 
haphazard  manner,  like  so  many  American  colleges  and  universities^ 
but  will  develop  symmetrically  in  accordance  with  a  preconceived  plan. 
Conspicuous  among  the  buildings  projected  will  be  the  special  laboratories 
for  instruction  and  ii^vestigation  in  physics,  chemistry,  and  biology,  and 
in  the  application  of  these  sciences  to  the  arts  of  industry  and  conunerce. 
In  drawing  the  laboratory  plans  the  institute  authorities  had  the  active  co- 
operation of  men  like  Professor  Ames  of  Johns  Hopkins;  Professor 
Conklin  of  Princeton;  Professor  Ridhards  of  Harvard;  and  Professor 
Stratton,  director  of  the  National  Bureau  of  Standards. 

The  institute  will  be  open  to  both  young  men  and  young  women.  There 
will  be.  no  charge  for  tuition  and  no  fees. 

The  standards  of  the  institute  will  be  consistently  high:  "For  the 
present  it  is  proposed  to  assign  no  upper  limit  to  the  educational  endeavor 
of  tiie  new  institution  and  to  place  its  lower  limit  no  lower  than  the 
standard  entrance  requirements  of  the  more  conservative  universities  of 
the  country."    Besides  providing  work  of  regular  collegiate  grades  the 
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institution  will  afford  opportunities  for  research  to  a  number  of  selected 
graduate  students. 

Thus  Rice  Institute  has  begun  a  career  which  seems  destined  to  add  one 
more  illustrious  name  to  the  growing  list  of  notable  universities  and  col- 
leges that  are  doing  much  to  create  an  American  culture. 


IRIDIUM  A  RARE  METAL. 

The  smooth  writing  qualities  possessed  by  gold  fountains  pens  may  be 
attributed  to  the  tiny  bit  of  white  metal— iridium— fastened  to  the  tip 
of  the  pen.  Iridium  is  an  exceedingly  rare  metal,  according  to  the 
United  States  Geological  Survey,  not  more  than  5,000  ounces  being  pro- 
duced each  year,  of  which  perhaps  about  500  ounces  are  recovered  in  the 
United  States,  mostly  from  imported  platinum  sand  and  from  copper  ores 
and  bullion.  The  price  demanded  for  iridium  has  been  increasing  rapidly, 
and  in  1911  it  ranged  from  $60  t9  $64  an  ounce  for  pure  metal. 

Owing  to  its  unique  qualities,  iridium  finds  a  fairly  extensive  use. 
Most  of  the  metal  produced  is  probably  used  for  hardening  platinum.  It 
is  further  used  for  various  scientific  and  technical  purposes,  such  as 
standard  weights,  pivots,  contact  points,  and  as  previously  stated,  for 
gold-pen  points.  Iridium  black,  an  oxide  of  the  metal,  is  highly  valued 
as  a  pigment  for  decorating  chinaware. 

According  to  the  Bureau  of  Statistics,  3,905  troy  ounces  of  "iridium 
and  iridium  in  native  combination  with  platinum  metals/'  valued  at  $210,- 
•616,  were  imported  into  the  United  States  in  1911. 


CENTRAL  ASSOCIATION  OF  SCIENCE  AND  MATHEMATICS 

TEACHERS. 

The  twelfth  meeting  of  the  Central  Association  of  Science  and  Mathe- 
-matics  Teachers  will  be  held  at  the  Northwestern  University,  Evanston, 
•on  Friday  and  Saturday,  November  29  and  30.  The  Great  Northern 
Hotel  Chicago,  has  been  selected  as  headquarters  for  out  of  Chicago  mem- 
'bers  and  friends. 

The  addresses  at  the  general  sessions  will  be  given  by  Professor  W.  C. 
Bagley  of  the  University  of  Illinois  and  Carroll  G.  Pearse,  Superintendent 
of  Public  Schools,  Milwaukee,  Wisconsin.  They  will  discuss  some  of 
ihe  important  phases  of  present-day  educational  problems. 

The  programs  of  the  five  sections  contain  the  names  of  many  of  the 
•prominent  educators  of  the  Middle  West  and  provide  for  many  reports 
and  discussions  of  a  practical  nature  which  will  prove  of  great  interest 
and  value  to  teachers  of  science  and  mathematics.  The  program  of  the 
meeting  will  be  printed  and  distributed  within  a  few  days. 

Persons  engaged  in  teaching  science  or  mathematics,  or  in  superintend- 
-ing  such  teaching  are  eligible  for  membership.  All  such  persons  are  in- 
vited to  join  the  association.  Annual  dues,  $2.50.  In  addition  to  member- 
ship each  person  will  receive  without  further  cost  the  monthly  official 
journal,  Schooi,  SasNCS  and  Mathematics,  and  a  copy  of  the  Proceed- 
ings, at  the  same  time  having  all  the  advantages  which  come  to  one  who 
is  a  member  of  a  great  and  active  association  as  this. 

Address  all  communications  to  the  Secretary-Treasurer,  C.  E.  Spicer, 
100  Sherman  Street,  Joliet,  IlL 
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ENQINEESING  EDUCATION. 

Our  readers  are  requested  to  notice  the  report  of  Committee  on  Teach- 
ing Mathematics  to  Engineering  Students.  This  book  will  be  a  help  to  aU 
teachers  of  mathematics,  especially  those  who  are  preparing  students  for 
engineering  schools.  It  tells  teachers  what  are  considered  the  funda- 
mentals of  engineering  subjects.  It  is  a  handy  syllabus  for  engineering 
students  who  wish  to  become  familiar  with  certain  fundamental  theorems. 


SOME  NOTES  OF  THOUGHT  ON  EDUCATION. 

By  Asthur  E.  Haynbs, 
University  of  Minnesota. 

Our  whole  system  of  education  tends  to  the  extensive  rather  than  to 
the  intensive;  too  many  subje-*^^  are  taken  to  enable  the  pupil  to  be 
thorough  in  any. 

Such  a  method  produces  distP.ctibn  rather  than  abstraction,  confusion 
instead  of  order,  dimness  instes^a  of  clearness,  and  makes  the  pupil  more 
like  a  parrot  than  a  real  student. 

"Going  through  books"  does  not  necessarily  educate  one,  any  more 
than  walking  through  beautiful  gardens  makes  one  a  botanist  Discipline 
of  mind  requires  real  study,  it  involves  self-activity  of  the  mind  in  careful, 
independent  thinking.  Too  many  subjects  taken  in  too  little  time,  blast 
the  finest  fruit  of  education — the  power  of  logical,  consecutive  thought 

It  is  good,  wholesome  food,  thoroughly  digested  and  assimilated,  that 
nourishes  and  builds  up  the  body;  bolting  food  down  leads  to  physical 
stomach  ache  and  bodily  disorders.  It  is  healthful,  strong  thought,  care- 
fully considered,  that  sustains  and  produces  mind  development ;  overcrowd- 
ing the  mind,  leads  with  equal  certainty  to  intellectual  dyspepsia. 

The  development  of  the  power  to  apply  knowledge  to  useful  purposes 
ought  to  be  one  of  the  highest  aims  of  education:  the  teaching  of  one 
how  to  so  apply  his  knowledge  makes  his  study  many  fold  more  inter- 
esting and  encourages  in  him  both  confidence  and  self-respect  This  is 
what  renders  the  study  of  engineering  and  of  other  professions  so  at- 
tractive. 

The  old  adage:  "Knowledge  is  power,"  is  true  only  as  one  can  intelli- 
gently and  wisely  apply  it.  - 

The  educational  world  is  rapidly  changing  its  activity  to  more  reasonable 
and  practical  methods.  It  is  a  time  in  the  history  of  education  which 
requires  the  most  careful  and  wise  forethought.  This  activity,  if  prop- 
erly directed,  will  result  in  great  progress. 

God  honors  man  by  giving  him  the  divine  privilege  of  discovering, 
proclaiming  and  using  the  truth;  happy  and  fortunate  indeed,  is  the  one 
who  sincerely  consecrates  himself  to  this  noble  task.  Even  the  Sacred 
Word  admonishes  us  to  "buy  the  truth  and  sell  it  not ;"  while  "The  Master 
of  Souls"  said:  "Ye  shall  know  the  truth  and  the  truth  shall  make  you 
free." 

These  divine  words  contain  one  of  the  mightiest  and  most  beneficent 
laws  of  the  kingdom  of  education,  and  of  life ;  they  are  the  very  foundation 
of  bodily,  intellectual  and  soul  freedom.  Thrice  blessed  is  the  one  who 
knows  the  truth  and  applies  his  knowledge  wisely  to  this  triple  realm  of 
his  life. 
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FUSma  PLATINUM  IN  QUABTZ. 

How  to  fuse  platinum  wires  into  quartz  tubes,  so  as  to  make  a  good 
joint,  is  no  small  problem.  M.  Berlemont  presented  his  new  method  to 
the  Academie  des  Sciences  not  long  since,  and  claims  to  have  been  suc- 
cessful. The  difficulty  is  that  quartz  melts  at  as  high  a  heat  as  800  deg. 
Cent  and  has  a  very  small  expansion  value,  while  all  the  metals  expand 
to  a  much  greater  extent  and  also  melt  at  a  lower  temperature.  After 
numerous  attempts  to  make  a  joint,  first  by  direct  fusion,  and  then  by  an 
indirect  method,  such  as  the  use  of  glass  or  enamel,  oxides  or  electrolytic 
deposits  between  the  wire  and  the  quartz,  M.  Berlemont  came  back  to  the 
direct  method  of  imbedding  the  metal  in  the  quartz,  using  a  platinum- 
indium  alloy.  By  an  approved  process,  requiring  some  skill,  he  could  make 
a  tight  fused  joint  which  would  stand  a  high  heat  without  damage,  and 
was  thus  able  to  make  all  kinds  of  quartz  tubes  with  fused  electrodes.—* 
Scientific  American  Supplement 


HISTORY  OF  THE  1  )TOMAC  BIVEB. 

The  great  Potomac  gorge  was  not  always,  as  it  is  to-day,  one  of  the 
most  beautiful  and  picturesque  of  river  valleys.  The  United  States 
Geological  Survey  has  recently  published  a  geologic  folio  describing  about 
460  square  miles  including  a  portion  of  the  Potomac  Valley.  It  contains 
a  most  interesting  account  of  the  gradual  cutting  down  by  the  river  of 
this  deep  gorge  during  thousands  of  years. 

The  area  is  located  in  a  part  of  the  Potomac  Valley  where  the  river 
winds  in  great  curves  through  a  deep  gorge  with  densely  wooded  slopes. 
As  the  railroad  traveler  swings  around  these  sharp  bends  which  almost 
meet  before  they  reverse  and  realizes  that  it  takes  three  times  as  long 
to  ride  between  two  points  as  it  would  to  go  in  a  straight  line,  he  may 
wonder  how  the  river  acquired  such  a  course. 

In  a  view  from  the  tops  of  the  ridges,  it  can  be  seen  that  many  of  the 
hilltops  are  flat  and  of  about  the  same  altitude,  and  that  if  the  valleys 
were  filled  up  they  would  form  a  nearly  level  plain.  This  feature  is  also 
excellently  shown  by  the  topographic  map  which  forms  a  part  of  the 
folio.  Many  thousand  years  ago  the  Potomac  flowed  toward  the  sea 
upon  this  plain,  which  at  that  time  was  much  lower  in  altitude — in  fact^ 
so  near  the  level  of  the  sea  that  the  stream  was  very  sluggish  and 
wandered  about  in  its  valley,  as  is  the  custom  of  streams  with  low  grade, 
such  as  the  Mississippi.  Later,  when  the  interior  of  the  continent  was 
somewhat  elevated,  the  streams  became  "rejuvenated"  and  cut  down  their 
channels,  first  into  the  soft  detritus  which  had  accumulated  in  the  flat 
valley  and  eventually  into  the  hard  rocks  beneath.  As  the  continent 
rose  still  higher,  they  cut  deeper  into  the  rocks,  and,  as  a  result,  the 
Potomac  is  now  deeply  intrenched  in  these  winding  gorges. 

Other  features  which  the  traveler  may  observe  from  the  car  window 
in  passing  through  this  area  are  the  great  rock  folds.  One  arch  of  rock 
that  has  been  truncated  by  the  river  and  is  visible  from  the  train  is  of 
such  interest  to  geologists  that  it  has  attracted  visitors  from  all  parts  of 
the  world  and  is  illustrated  in  most  text-books  on  geology.  Other  folds, 
not  visible  from  the  train  but  readily  accessible  to  those  interested,  have 
the  form  of  great  saw  teeth  rising  above  the  crest  of  a  hill.  These  rock 
folds  are  the  record  of  the  great  mountain-making  forces  which  crushed 
and  folded  the  rocks  as  they  were  raised  out  of  the  sea. 
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INFORMATION  AT  THE  BXJBEAU  OF  EDUCATION. 

The  Commissioner  of  Education  calls  attention  to  the  opportunities 
offered  by  the  Bureau  of  Education  to  students  of  education  and  to 
such  committees  and  commissions  as  are  appointed  by  state  boards  of 
education  and  national,  state,  and  local  associations  for  the  purpose  of 
investigating  particular  phases  of  education.  Here  students  and  the  rep- 
resentatives of  such  committees  and  commissions  may  find  at  once  and 
without  cost  other  than  that  of  coming  to  Washington  practically  all  that 
is  now  in  print  in  pamphlets,  books,  or  magazines  on  any  subject  of 
education,  including  educational  legislation.  The  Bureau  does  not  now 
have  all  the  expert  help  it  should  have  to  put  at  the  service  of  students 
and  representatives  of  committees  and  commissions  to  assist  them  in 
working  out  their  problems,  but  it  will  gladly  give  them  such  assistance 
as  it  can,  and  a  room  in  the  Bureau  has  been  set  apart  for  their  use. 
In  a  few  days  or  weeks  information  can  be  obtained  here  which  these 
committees  and  commissions  frequently  spend  months  of  time  and  hun- 
dreds of  dollars  in  trying  to  collect  by  correspondence.  When  the  Bureau 
has  more  money  than  is  now  appropriated  for  its  use,  it  will  be  able  to 
help  more  than  it  can  at  present  by  serving  as  a  kind  of  working  subcom- 
mittee for  all  the  more  important  commissions  of  its  kind. 


FORMATION  OF  THE  EARTH'S  SURFACE. 

At  a  recent  meeting  of  the  Geological  Association  at  Frankfort-on-the 
Main,  Dr.  Wegener  of  Marburg  University  suggested  an  interesting  hy- 
pothesis on  the  genesis  of  the  earth's  surface.  According  to  this,  the 
present  form  of  the  surface  would  be  due  to  vertical  and  horizontal  dis- 
placements. The  continental  blocks,  i.  e.,  the  different  parts  of  the  world, 
such  as  Europe;  America,  etc,  are  capable  of  vertical  displacement,  like 
blocks  of  floating  ice.  As  soon  as  an  increased  load  is  brought  to  bear 
on  them,  the  blocks  will  sink  down.  Such  an  increasing  load  may  be  due 
to  the  continental  ice  covering  the  country.  According  to  the  author's  pre- 
liminary calculations,  a  load  of  2.6  meters  of  ice  would  entail  a  drop  of 
1  meter.  Horizontal  displacements  likewise  occur  continually,  as  shown 
by  the  relative  displacement  of  continents.  Lunar  observation  for  in- 
stance show  Greenland  to  have  moved  940  meters  farther  away  from 
Europe  in  the  course  of  84  years.  On  the  other  hand,  determinations 
of  the  distance  between  Greenwich  (England)  and  Cambridge  (America), 
have  revealed  the  surprising  fact  that  North  America,  in  the  course  of 
26  years,  has  withdrawn  another  90  meters  from  Europe. — Scientific 
American  Supplement, 
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THE  TWO-STOBIED  PAQE  OF  WEBSTER'S  NEW  INTEBNA- 
TIONAL  DIOTIONABY. 

(G.  &  C.  Mcrriam  Co.,  Springfield,  Mass.) 
The  treatment  of  so  great  a  bulk  of  material  by  the  usual  dictionary 
method  would  have  made  it  almost  inaccessible.  By  a  stroke  of  genius 
the  editors  decided  on  a  two-storied  page,  relegating  to  the  lower  part 
obsolete  words  (gubbertushed,  nawyse),  those  defined  only  by  cross  refer- 
ence (Lac/s  knot),  uncommon  dialetic  words  (unco),  rare  scientific  terms 
(lacturamic),  abbreviations  (U.  S.  A.)»  and  all  except  the  most  common 
Scriptural  names,  names  of  fictitious  persons,  and  foreign  phrases.  This 
leaves  to  the  upper  part  of  the  page  all  that  a  person  ordinarily  will  wish 
to  know;  everything  else  is  in  the  bottom  section.  There  is  no  mass  of 
confusing  appendixes  to  waste  time  over. 

OHICAGO  TEACHER'S  EXAMINATION. 

Examinations  for  certificates  will  be  held  Monday,  December  23,  and 
Tuesday,  December  24,  1912,  for  the  following  certificates  only: 

Teachers  in  high  schools. 

Examinations  will  be  given  in  the  following  high  school  majors  only, 
with  their  accompanying  minors : 

Frendi,  Greek,  Polish,  Bohemian,  Danish-Norwegian,  Swedish,  Italian* 
ph]rsiography,  physiology  and  sanitation,  botany,  zoology,  physics,  chem- 
istry, accounting,  phonography,  foundry,  blacksmithing,  electrical  construc- 
tion. 

The  maximum  s^ilary  in  the  Chicago  city  high  schools  is  $2,600. 

Write  the  Examiner,  Board  of  Education,  Tribune  Building,  for 
further  information. 


AMERICAN  CONTROL  OF  THE  PANAMA  CANAL. 

The  people  of  the  United  States,  in  opening  this  canal,  are  conferring 
a  great  boon  upon  the  commerce  of  the  world,  and  they  are  especially  con- 
tributing to  the  development  of  South  America.  In  the  adjustment  of 
tolls,  and  in  the  use  of  the  canal  for  the  promotion  of  our  own  commerce, 
it  would  be  incredible  that  we  should  be  thought  to  have  placed  obstacles 
in  the  way  of  our  own  freedom  of  judgment.  There  has  been  much  dis- 
cussion of  this  question,  based  upon  a  wholly  inadequate  study  and  knowl- 
edge of  the  subject.  The  Government  of  the  United  States  will  treat  all 
foreign  nations  equally  and  fairly,  and  will  treat  its  own  citizens  precisely 
as  it  thinks  best.  A  similar  principle  is  involved  in  the  question  of 
fortifying  the  canal.  We  had  long  ago  entered  upon  a  systematic  plan  of 
creating  modem  coast  defenses.  Such  a  system  is  ridiculous  if  the  de- 
fenses are  not  located  at  the  strategic  points.  The  Panama  Canal  is  in 
5ome  respects  our  most  strategic  piece  of  navigable  coast  line.  If  we  arc 
fortifying  at  any  points,  it  would  seem  absurd  to  leave  unfortified  the 
passage  by  which  navies  could  go  from  one  ocean  to  the  other.  Further- 
more, an  unfortified  canal  would  be  exposed  to  dynamite  outrages  which 
would  render  it  impassable  at  a  time  when  it  might  be  necessary  to 
send  our  fleet  from  the  Atlantic  to  the  Pacific,  or  vice  versa.  The  people 
of  the  United  States  are  conscious  of  pacific  intentions  toward  all  coun- 
tries. They  have  no  aggressive  ambitions.  In  this  regard  they  are  more 
fortunate  than  are  some  other  peoples  and  governments. — Review  of  Re- 
views. 
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BACK  NUMBERS  WAITTED. 
We  need  copies  of  the  following:  numbers  to  complete 
orders  for  full  sets,  and  will  pay  50  cents  cash  or  $1.00  in 
subscription  for  copies  in  good  condition:  Vol.  1,  No.  2,  Aprils 
1901 ;  Vol.  1,  No.  9,  February,  1902;  Vol.  4,  No.  1,  April,  1904; 
Vol.  7,  No.  8,  Nov.,  1907. 


8UBVE7ING  WITH  THE  OAMEBA. 

The  first  extensive  use  of  the  panoramic  camera  to  supplement  the 
plane-table  in  surveying  is  said  to  have  been  that  made  by  Mr.  J.  W. 
Bagley  of  the  United  States  Geological  Survey,  in  mapping  an  area  of 
160  square  miles  around  Valdez,  Alaska,  during  the  season  of  1911.  This 
method  promises  to  become  a  regular  feature  of  the  Surve/s  work  in 
Alaska. 


CAPE  DESHNEF. 


The  extreme  northeastern  comer  of  Asia  is  still  called  "East  Cape*  in 
many  atlases  and  other  geographical  works.  The  Bulletin  of  the  Amer- 
ican Geographical  Society  calls  attention  to  the  fact  that  the  name  of 
this  point  was  changed  to  "Cape  Deshnef"  in  1898  by  command  of  the 
Emperor  of  Russia,  in  honor  of  the  explorer  who  discovered  it 


ELECTEOLYSIS  ORDINANCE  IN  GHIOAGO. 

The  city  council  of  Chicago  has  recently  passed  an  ordinance  requiring 
certain  electrical  equipment  to  prevent  damage  by  electrolysis.  It  requires 
that  the  difference  of  potential  between  any  two  points  on  a  return 
circuit  must  not  exceed  twelve  volts  and  between  any  two  points  on  the 
return  a  thousand  feet  apart,  within  one  mile  radius  of  the  city  hall  shall 
not  exceed  the  limit  of  one  volt,  while  between  any  two  points  on  the 
return  seven  hundred  feet  apart,  outside  of  this  mile  radius,  it  will  not 
exceed  the  limit  of  one  volt.  Return  current  amperage  on  pipe  and  cable 
sheaths  must  not  be- more  than  five-tenths  ampere  per  pound- foot  for 
caulked  cast  iron  pipe,  and  eight  amperes  per  pound-foot  for  screwed 
wrought  iron  pipe,  and  sixteen  amperes  per  pound  for  standard  lead  or 
lead-alloy  sheaths  of  cable. — Scientific  American  Supplement, 


BOOKS  RECEIVED. 


A  Text-Book  of  Physics.  Edited  by  A.  Wellmer  Duff.  Third  edition 
revised.  Pages  xviH-686.  595  illustrations.  15x21  cm.  Cloth.  1912.  P. 
Blakiston's  Son  &  Co.,  Philadelphia. 

College  Zoology,  by  Robert  W.  Hegner,  University  of  Michigan.  Pages 
xxiv+733.  14x19  cm.  Cloth,  1912.  $2.60  net.  The  Macmillan  Com- 
pany, New  York. 

The  Calculus,  by  Ellery  W.  Davis  and  William  C  Brenke,  University 
of  Nebraska.  Pages  xx+384+63.  13x19  cm.  Cloth.  1912.  $2.00  net 
The  Macmillan  Company,  New  York. 
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Essentials  of  Phsrsics,  by  Daniel  W.  Herring,  New  York  University. 
Pages  ix+353.  15x23  cm.  Cloth.  1912.  $1.75  net  D.  Van  Nostrand 
Company,  New  York. 

Durrell's  Arithmetics,  two  book  series,  by  Fletcher  Durell,  Ph.D.,  Head 
of  the  Mathematical  Department  the  Lawrenceville  School,  Lawrence- 
villc,  N.  J.,  and  Elizabeth  Hall,  Supervisor  of  Primary  Schools,  Minne- 
apolis, Minn.  Elementary  Arithmetic,  354  pages.  14x19  cm.  Cloth.  48 
cents.  Advanced  Arithmetic,  458  pages.  14x19  cm.  Cloth.  64  cents. 
Charles  E.  Merrill  Company,  New  York. 

A  College  Text-Book  on  Quantitative  Analysis,  by  Herbert  R.  Moody, 
College  of  the  City  of  New  York.  Pages  vi+165.  15x22  cm.  Cloth. 
1912.    $1.25  net.    The  Macmillan  Company,  New  York. 

Syllabus  of  Mathematics.  Compiled  by  the  Committee  on  the  Teach- 
ing of  Mathematics  to  Students  of  Engineering.  Pages  iii+136.  15x22 
cm.  Cloth.  1912.  75  cents.  H.  H.  Norris,  Secretary  Cornell  University, 
Ithaca,  N.  Y. 

Teacher's  Manual  of  Biology,  by  Maurice  A.  Bigelow,  Teachers  College, 
Columbia  University.  Pages  ix+113.  13x19  cm.  Cloth.  1912.  40  cents 
net.    The  Macmillan  Company,  New  York. 

The  Teaching  of  Plane  Geometry,  by  H.  Y.  Benedict  and  J.  W.  Cal- 
houn, University  of  Texas.  57  pages.  15x23  cm.  Paper.  1912.  Press 
of  the  University  of  Texas,  Austin. 

Text- Book  of  Anatomy  and  Physiology  for  Nurses,  by  Elizabeth  R. 
Bundy,  Woman's  Hospital  of  Philadelphia.  Pages  xii+335.  16x23  cm. 
Cloth.    1912.    $1.75  net.    P.  Blakiston's  Son  &  Co.,  Philadelphia. 

Essentials  of  Chemistry,  by  John  C.  Hessler,  James  Millikin  University, 
and  Albert  L.  Smith,  Englewood,  Chicago,  High  School.  Revised  by 
John  C.  Hessler.  Pages  xix+505+xxxiii+v+121.  Cloth.  1912.  Benj. 
H.  Sanborn  &  Co.,  Chicago. 

Elementary  Text-book  on  the  Calculus,  by  Virgil  Snyder  and  John  I. 
Hutchinson,  Cornell  University.  384  pages.  14x19  cm.  Cloth.  1912. 
American  Book  Company,  Chicago. 

A  Laboratory  Manual  of  Agriculture  for  Secondary  Schools,  by  Leland 
E.  Call,  and  E.  G.  Schafer,  Kansas  Agricultural  College.  Pages  xvH-344. 
13x19  cm.  Cloth.  1912.  90  cents  net  The  Macmillan  Company,  New 
York. 

Plane  and  Solid  Geometry,  by  C.  A.  Hart,  Wadleigh  High  School,  New 
York  City,  and  Daniel  D.  Feldman,  Erasmus  Hall  High  School,  Brooklyn. 
Pages  viii+488.    14x19  cm.    Cloth.    1912.    American  Book  Co.,  Chicago. 


BOOK  REVIEWS. 


Practical  Theme  Tablet,  by  George  M,  Miller,  75  pages.  20x26.5  cm. 
20  cents.  Hinds,  Noble  and  Eldredge,  New  York. 
A  tablet  which  will  be  most  helpful  to  the  pupil  in  writing  his  themes. 
The  front  cover  has  printed  on  it  rules  for  punctuation,  etc.,  as  well  as 
an  outline  for  correct  theme  work,  together  with  a  key  to  the  teacher's 
corrections.  A  blotter  is  firmly  bound  in  next  to  the  front  cover.  An 
extra  heavy  board  back  is  used.  The  paper  is  of  high  quality,  horizontally 
ruled  with  a  red  line  25  cm  from  left  hand  edge.  No  better  tablet  for 
the  price  is  made.  C.  H.  S. 
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Comparative  Anatomy  of  Vertebrates,  by  J,  S.  Kingsley,  Professor  of 
Biology  in  Tufts  College,  Pages  ix+401.  16x23  cm.  With  346 
illustrations.    1912.    $225  net    P.  Blakiston's  Sons  &  Co. 

This  book  by  Professor  Kingsley  will  be  welcomed  for  use  with  college 
classes  and  for  a  reference  book  by  the  high  school  teacher.  The  style 
is  clear  and  direct  and  the  illustrations  are  particularly  fine — all  of  them 
being  drawings  made  especially  for  this  book.  There  are  numerous 
schematic  drawings  which  will  help  the  student  to  a  correct  understanding* 
of  the  subject-matter. 

The  mechanical  make-up  of  thie  book  seems  to  be  excellent  The  type  is 
clear  and  well  spaced.  We  note  one  drawing,  fig.  22,  printed  upside  down. 
Doubtless  an  accident 

The  plan  of  the  book  follows  that  of  the  well-known  German  text  of 
Weidersheim— taking  up  the  various  systems  of  organs  in  succession  and 
making  a  comparative  study  of  each  through  the  various  groups  of 
animals  including  their  development  An  extensive  bibliography  of  mono- 
graphs, used  as  sources  of  material  for  the  book  will  be  especially  useful 
to  the  student  who  wishes  to  go  to  the  original  papers  on  any  special  topic* 

W.  W. 

New  Analytic  Geometry,  by  Percey  F.  Smith,  PhD,,  Sheffield  Scientific 
School  of  Yale  University,  and  Arthur  S,  Gale,  Ph.D,,  University  of 
Rochester.    Pages  x+342.    13x19  cm.    Price,  $1.50.     1912.    Ginn  k 
Co.,  Boston. 
In  many  respects  this  volume  is  a  decided  improvement  on  the  current 
text-books  in  analytic  geometry.    While  presenting  material  for  a  thor- 
ou^  drill  in  the  use  of  analytic  methods  which  have  been  considered  of 
the  highest  importance  for  many  generations,  the  authors  have  given  at- 
tention to  the  present-day   demands   for  simple,   useful,   and  practical 
methods  and  problems.     For  a  short  course  in  analytic  geometry  the 
instructor  can  find  in  this  book  sufficient  material  to  prepare  his  students 
to  attack  with  intelligence  problems  that  come  up  in  tiieir  later  work. 
On  the  other  hand,  the  instructor  who  still  believes  in  the  study  of  mathe- 
matics for  mental  discipline,  etc.,  will  find  plenty  of  material  for  his 
purposes. 

The  chapter  on  transcendental  curves  and  equations  is  very  useful,  and 
tables  are  given  to  facilitate  the  plotting  of  curves.  Polar  coordinates  are 
presented  in  considerable  detail,  and  the  student  is  taught  how  to  make 
sketches  of  curves  rapidly.  Maximum  and  minumum  values  can  usually 
be  determined  with  sufficient  exactness  from  a  graph,  and  there  is  a  good 
list  of  problems  for  this  work.  The  equations  of  the  parabola,  ellipse,  and 
hyperbola  are  derived  by  methods  easily  grasped  by  the  student,  and 
methods  of  constructing  and  sketching  these  curves  are  given.  Equations 
of  tangents  are  found  by  the  method  of  the  calculus  disguised.  Why  is  not 
this  a  good  place  to  give  students  an  opportunity  of  learning  one  of  the 

dy 
meanings  of     H^   ?    The  chapter  on  parametric  equations  and  loci  gives 

a  simple  and  clear  treatment  of  the  subject,  and  the  more  important 
equations  are  discussed  and  their  graphs  given.  The  chapter  on  empirical 
equations  is  placed  at  the  end  of  the  book.  It  would  seem  as  if  the  subject 
were  of  sufficient  importance  to  be  included  in  the  body  of  the  book. 

The  discussion  of  solid  analytic  geometry  fills  one  hundred  pages;  and 
here  as  in  the  rest  of  the  book  the  figures  and  diagrams  are  well  drawn 
and  illuminating.  H.  E.  C 
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Grand  Prize  of  World* s  Exhibition,  Brussels,  1910, 

< \  mLmamSllSond  Turin,  1911,  High  Honors. 

NST  RUMENTS  OF  PRECISlONrAUTiaNDS  OF  PHYSICALAPPARATUS 


Looser's  and  Kolbe's  Thermoscopes  with  aU  Accessories 
Dr.  Gaede's  High  Vacuum  Pumps 

Vacuum;  0,00001  mm  Hg. 

Universal  Rotary  Air  Pumps| 

Vacuum  0,01  mm  Hg. 

|Vacuum  Gauges,  Etc. 

DcEvcry  free  New  York  or  Baltimore.     Guarantee  of  deKvery  in 

working  condition.     Discharge  of  all  formalities  at  the  Customs. 

EneUsh  Catalogue  with  Prices  in  $  sent  on  application. 
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Teacher^  Manual  of  Geography,  by  W.  T.  SkUling  and  Alice  Greer.  1912. 
Issued  by  the  State  Normal  School  San  Diego,  Cal. 

A  manual  of  use  to  teachers  in  elementary  and  grammar  school  geogra- 
phy. The  main  value  of  the  manual  is  the  well-planned  references  to  the 
descriptive  accounts  of  various  counties.  The  references  which  have  been 
chosen  are  those  of  practical  use  to  the  teachers  and  are  generally  acces- 
sible in  the  ordinary  school  library.  W.  M.  G. 
The  Story  of  Bread,  by  E,  L.  Barker,  30  pages.  Published  by  the  Inter- 
national Harvester  Company,  Chicago,  IlL 

The  complete  story  of  wheat  growing,  including  the  breeding  of  the 
seed,  its  planting,  and  the  harvest  The  advantage  of  machinery  in  har- 
vesting and  the  progress  in  its  application  to  wheat  growing  is  clearly 
described.  This  little  pamphlet  is  of  value  to  the  commercial  geography 
class.  W.  M.  G. 

High  School  Geography,  Physical,  Economic,  and  Regional,  by  Charles 
Dryer,  S3S  pages,  37  chapters,  369  figures  and  colored  maps.  1912. 
$1.20.    American  Book  Company. 

This  is  the  first  of  the  new  texts  to  appear  as  a  result  of  the  demand 
from  the  secondary  schools  for  a  course  in  geography  which  embraces 
less  of  the  systematic  physiography  and  more  of  geography.  The  author 
divides  the  subject-matter  into  three  parts:  I,  Physical;  II,  Economic; 
III,  Regional. 

The  section  devoted  to  Physical  Geography  has  been  especially  written 
to  give  the  student  a  basis  for  the  intelligent  comprehension  of  the 
physical  factors  which  help  or  hinder  men  in  his  progress.  There  is  an 
omission  of  much  material  which  has  burdened  the  usual  physical 
geography  and  many  subjects  have. been  humanized  as  illustrated  by  the 
various  chapters  on  soils,  economic  relations  of  streams,  coasts  and  ports. 
Economic  geography  is  a  term  new  in  the  secondary  texts  but  is  well 
to  recognize  it  as*  one  of  the  three  distinct  geographic  controls  which 
determine  the  location  of  industries  and  the  growth  of  cities.  The  four 
chapters  devoted  to  the  economic  factors  deal  with  the  Natural  Resources 
and  Food  Supply,  Clothing,  Heat,  Light,  Power,  Manufacture,  Trade,  and 
Transportation.  These  topics  are  clearly  presented  and  their  geographic 
importance  is  distinctly  emphasized.  The  discussion  of  these  questions 
afford  pupils  opportunity  to  reason  with  problems  of  vital  concern  to  them 
and  it  is  a  new  element  of  geography  which  will  be  welcomed  by  the 
secondary  schools. 

The  Regional  geography  comprises  about  one  hundred  pages  dealing 
with  the  natural  provinces  of  the  world  following  somewhat  the  plan  of 
Herbertson  in  the  classification  of  these  regions.  In  the  discussion  of 
North  America  and  the  United  States  it  seems  to  the  writer  that  there  is 
some  confusion  in  not  following  the  physiographic  regions.  It  would 
strengthen  the  geography  of  the  United  States  to  have  the  physical  and 
political  facts  included  in  the  physiographic  account  of  each  region.  The 
treatment  of  Europe  is  excellent,  especially  the  British  Isles  where  the 
three  geographic  controls,  the  physiographic,  economic,  and  the  human, 
are  well  woven  together  in  a  systematic  description.  Asia,  South  America, 
and  Africa  receive  ample  attention  considering  their  importance. 

Altogether  this  book  for  High  School  Geography  is  a  very  marked 
improvement  upon  the  texts  which  the  teachers  of  Physical  Geography 
have  been  using  and  further  improvements  along  these  lines  will  give 
geography  a  more  important  place  in  secondary  education. 

W.  M.  G, 
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HEADQUARTERS 


FOR 

Chemicals,  Chemical  Apparatus, 
Minerals,  etc 

WE  CARRY  THE  LARGEST  STOCK  OF 
LABORATORY  SUFFUES  IN  THE  U.  5. 

First  Quality  Supplies  Only.     Prompt  Service. 

Our  European  conaectiont  are  suck  that  we  are  enabled  Id 

offer  you  the  beit  lenrice  for  duly  free  importatiotti 

on  sdentific  supplies  at  the  lowest  lates. 
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'^^^  Wm.  Gaertner  Co.t  Chicago 

THE  GAERTNER  HIGH  SCHOOL  GALVANOMETER 

.^This  instrument  is  a  new  and  greatly  improved  form  of 
the  inexpensiye  galvanometer  originally  designed  for  the 
Millikan  &  Gale  Course.  The  improved  instrument  is 
easily  equivalent  in  sensitiveness,  convenience  and  dura- 
bility; in  fact,  in  all  the  essential  characteristics  of  a  good 
galvanometer,  to  any  $4.00,  |6.oa  or  even  $10.00  instru- 
ment of  its  kind  now  in  the  market. 

The  Improvements  contUt  in: 

1.  The  Suspension — made  both  above  and  below  of  phos- 
phor bronze  as  in  high  grade  instruments,  thus  dispensing 
with  all  loose  wires  and  making  it  possible  to  place  the 
binding  posts  in  a  convenient  position. 

S.  The  Closed  Top — making  a  dust-proof  case. 

3.  The  Torsion  Head — adjustable  up  and  down  so  that 
the  coil  may  be  locked  and  the  instrument  easily  and  safe- 
ly transported. 

4.  The  Lever  on  the  Torsion  Head — ^making  possible  an 
accurate  and  convenient  sero  setting. 

5.  The  Soft  Iron  Core — giving  a  much  stronger  field  and 
a  g^reatly  increased  sensitiveness. 

6.  The  Inclined  Scale — ^increasing  greatly  the  conven- 
ience of  reading,  either  for  a  single  individual  or  for  a 
class. 

7.  The  Leveling  Screws — ^greatly  increasing  the  conven- 
ience of  centering. 

Price  $2.50 
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A  Text-book  of  Physiology,  including  a  section  on  physiologic  apparatus, 
by  Albert  P.  Brubaker,  AM.,    MJ?.,    Professor  of  Physiology  aad 
Medical  Jurisprudence  in  the  Jefferson  Medical  College,    Fourth  t&- 
tion  revised  and  enlarged.     'P^s^s  xii-h736.     17x24  cm.    378  Olostra- 
tions.    1912.    $3.00  net    P.  Blakiston's  Son  &  Co.,  PhiladclphB. 
The  chief  point  in  this  book's   favor   is   the  clearness  with  which  the 
subject-matter  is  stated.     The  arrangement    into   paragraph  and  sectioa 
greatly  aids  this  clearness  of  presentation.      The  point  of  view  seems  to 
be  distinctly  medical — as  the  author,  in  fact,  so  states  in  the  preface.  The 
exposition  of  the  .function  of  various    tissues    and   organs  seems  to  be 
particularly  strong.    The  treatment  of  the  main  topics  is,  however,  rather 
unequal,  as,  for  example,  we  find  100  pagfes  given  to  the  consideration  of 
blood  and  circulation  while  only  120  pag^es  are  g^iven  to  the  nervous  sys- 
tem including  the  special  senses.    The  illustrations  are  somewhat  scantj, 
there  being  only  one  for  two  pages  of  text  on  the  average  and  they  caoaot 
be  said  to  compare  well  in  character  with  those  of  other  recent  texts. 

However,  the  book  can  be  recommended  as  a  grood  text  for  reference 
for  the  teacher  who  wishes  something  convenient  and  satisfactory  for  this 
purpose  and  who  cannot  have  access  to  monogrraphs  on  the  van'ous  divi- 
sions of  the  subject  of  physiology.  W.  W. 
Plane  Geometry,  by  William  Bets,  Rochester,   N.    Y.,  and  Harrison  E 
Webb,  Newark,  N.  /.    Pages  x+322.     14x19  cm.     Pric^  $I.Oa    Gkm 
and  Company,  Boston. 
In  the  preparation  of  this  book  the  authors  have  been  led  by  their  expe- 
rience in  high  schools  to  meet  the  new  educational   demands  by  basiDg 
their  work  on  the  following  principles:  (1)  To  introduce  the  demonstra- 
tive course  by  a  preliminary  course.     (2)  To  arrange  the  demonstrative 
course   not   only   along   logical   but   also   psycholog^ical    lines.      (3)    To 
follow  methods  which  aim  to  make  the  pupil  independent  of  the  book. 
(4)  To  give  approximately  equal  attention  to  the  diflferent  types  of  exer- 
cises.    (5)  To  provide  applied  problems  numerous,  but  not  excessive  in 
number.     (6)  To  include  a  minor  and  major  course,  in  order  that  the 
teacher  may  adapt  the  text  to  the  special  needs  of  a  particular  class  of 
pupils. 

The  preliminary  course  occupies  the  first  sixty-eight  pages,  and  aims  to 
give  pupils  a  grasp  of  the  fundamental  notions  of  geometry  by  drawing 
and  constructing  figures  with  ruler,  compasses,  and  protractor.  The  exer- 
cises seem  to  be  well  chosen.  Though  this  preliminary  course  requires 
five  or  six  weeks,  the  authors  say  that  careful  tests  in  many  classrooms 
have  proved  that  time  is  saved  by  it.  This  is  in  accord  with  the  experi- 
ence of  other  teachers  who  have  given  similar  introductory  work. 

The  part  of  the  text  given  to  demonstrative  geometry  is  divided  into 
the  usual  five  books.  Teachers  of  geometry  in  this  country  have  much  to 
learn  from  the  recent  marked  advance  in  the  teaching  of  geometry  in 
England,  and  the  authors  are  to  be  commended  for  giving  American 
teachers  the  opportunity  of  trying  out  some  of  the  English  ideas.  Espe- 
cially is  it  worthy  of  note  that  areas  have  been  introduced  early.  This 
gives  a  larger  opportunity  for  numerical  and  applied  problems.  The 
fundamental  principle,  ''Area  of  a  rectangle  equals  the  product  of  base 
by  altitude,"  eliminates  several  propositions  of  doubtful  value  to  the 
average  pupil. 

The  use  of  squared  paper,  Simpson's  rule  and  the  trapezoidal  rule,  a 
more  extended  use  of  the  trigonometrical  ratios,  drawings  and  construc- 
tions, and  many  problems  and  exercises  dealing  with  practical  aflFairs^ 
■^rc  some  of  the  features  that  make  this  a  very  welcome  book. 

tt  E.a 


Digitized  byVjOOQlC 


Elementary  Applied  Chemistry 

By  LEWIS  B.  AlyLYN 

Department  qf  Chemistry,  State  Normal  School, 

H^estfield,  Mass. 

Jast  pahtUhmd     -     60  emnts 

IN  his  yean  of  tucccnhil  campaigyiii^  for  pure  foodi  and  honest  values  in  his  own  community,  the 
^  ai^or  has  gained  through  practicaiezperience  the  knowledge  which  is  presented  m  this  manual 
and  which  has  long  been  demanded  by  school  officials  and  teachers.  The  book  consists  of  numerous 
exercises  with  common  substances — good  products,  water,  soil,  textile  fabrics,  and  many  others — 
aiming  to  make  chemistry  a  living  issue  and  to  give  the  pupil  a  broader  outlook  on  the  science  in 
general.  The  exercises  have  already  proved  of  personal  value  to  hundreds  of  students,  and  teachers 
of  domestic  science,  boards  of  health,  food  inspectors  will  find  that  the  book  has  a  specific  purpose. 

Practical  Botany 

By  JOSEPH  Y.  BERGEN,  recently  Instructor  in  Biology  in  the  English  High 

School,  Boston,  and  OTIS  W.  CALDWELI^,  Associate  Professor 

of  Botany  in  The  University  of  Chicago. 

$i.30 

'T'HIS  botany  meets  the  great  and  increasing  demand  for  a  textbook  which  shall  present  the  subject 
in  a  sdendfic  manner  and,  at  the  same  time,  emphasize  the  relations  of  plants  to  eveiyday  life. 
It  contains  ample  material  to  prepare  students  who  wish  to  present  a  unit  for  entrance  to  college, 
but  its  point  of  view  is  not  that  of  the  technical  botanist.  The  book  is  designed  rather  to  give  that 
kind  of  outlook  upon  the  science  which  will  enable  the  pupil  better  to  appreciate  the  economic  and 
the  aesthetic  significance  of  the  plant  world,  as  well  as  to  understand  the  elements  of  biology  as 
they  are  shown  in  the  life  of  plants.  ^JLn^lL.^^—  ^~    '^"  ^  wZ3 

GINN   AND   COMPANY,   PUBLISHERSn 

ILI       BOSTON         N£W'Y0RK         CHICAGO      '    LONDON  | ' 

ATLANTA  DALLAS  COLUMBUS  SAN  FRANOSCO 


A  Mathematical  Solution  Book 

BY 

B.  F.  FINKEL,  A.M,  MSc^  Ph.D^ 

Member  of  the  American  Mathematical  Society.  Member  of  the  I^ondon  Mathematical  Society. 

Editor  of  the  American  Mathematical  Monthly,  and  Profeaaor  of  Mathematics  and 

Physics  in  Drury  College.  Springfield.  Mo. 

.    FOURTH  BDITION— REVISED  AND  ENLARGED. 

8to.    Cloth.    549  l>ages,  14  full  page  half-tone  engravings  of  noted  mathematicians, 

and  160  wood-cats. 

Price,  $2.00 

rnS  book  was  written  with  a  view  to  suppljring  the  wants  of  teachers  of  Arith- 
meHc  and  Algebra  in  High  Schools  and  Academies  as  well  as  those  who  are 
teaching  in  cotintry  schools.  The  author's  varied  experience  as  a  teacher  in 
he  country  for  four  years,  as  superintendent  of  dty  schools  for  three  years,  a 
teacher  of  Mathematics  in  Academies  for  four  years,  and  as  Professor  of  Mathe- 
matics in  Druxy  College  for  the  past  ten  years,  has  peculiarly  fitted  him  to  write  a 
book  on  Mathematics  well  suited  to  all  classes  of  teachers. 

By  a  spsdal  amuig«m«nt  with  th«  Publishar  w«  can  offer  tlus  book  with 
SCHOOL  SCIENCE  AND  MATHEMATICS  for  a  year  for  $3.0a 
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A  Working  Model  for  Schools,  by  Don  Carlos  Ellis.     K)  pages  and  4 

illustrations.  Issued  by  the  United  States  Department  of  Agriculture, 

Circular  No.  117,  Washington,  D.  C.    1912. 

A  full  explanation  of  a  model  which  illustrates  the  eflFect  of  erosion 

upon  a  forested  region  and  a  deforested  area.    The  working  drawings 

are  sufficiently  clear  and  definite,  so  that  the  teacher  can  make  such  a 

model  at  small  cost  and  with  good  results.  W.  M.  G. 

Principles  of  Human  Nutrition,  A  Study  in  Practical  Dietetics,  by  Whit- 
man H,  Jordan,  Director  of  the  New  York  Agricultural  Experiment 
Station,  author  of  "The  Feeding  of  Animals."  Pages  xxiX4S0.  1912. 
Net  $1.75.    The  Macmillan  Company,  New  York. 

According  to  the  author's  preface  this  book  is  intended  to  be  a  popular 
presentation  of  the  subject  for  the  use  of  students  and  others  who  have 
but  "moderate  scientific  acquirements."  "Reliable  knowledge  bearing  on 
the  nutrition  of  man  is  mainly  to  be  found  in  elaborate  works  on  pl\ysi- 
ology  and  phjrsiological  chemistry,  the  contents  of  which  are  not  generally 
available."  "The  aim  here,  has  been  to  show  the  adjustment  of  this 
system  of  knowledge  to  a  rational  system  of  nutrition." 

The  book  seems  to  be  a  painstaking  presentation  of  the  subject  of  nutri- 
tion from  the  point  of  view  mentioned  above.  No  doubt  such  a  work  is 
needed.  Food  economics  is  emphasized  throughout  We  find  such  topics  as 
these:  "Cheap  and  Costly  Meals,"  "Two  Dinners  Compared,"  "Food  and 
Social  Welfare,"  etc 

There  are  many  tables  through  the  body  of  the  book,  besides  nearly 
100  pages  of  tables  showing  the  chemical  composition  of  foods.  These 
should  be  especially  helpful.  The  book  should  be  a  useful  one  for  the 
teacher  of  physiology.  W.  W. 

Elements  of  Physics,  by  Edtvin  Herbert  Hall,  Professor  of  Physics  in 
Harvard  University.  Pages  viii+S76.  13x19  cm.  Cloth.  1912. 
Henry  Holt  &  Co.,  New  York. 

This  excellent  text  is  much  more  than  a  revision  of  Hall  and  Bergen's 
"Text-book  of  Physics."    It  is  practically  a  new  book. 

It  has  been  written  from  the  standpoint  of  the  abilities  and  needs  of 
"beginners  in  the  systematic  study  of  physics"  though  "intended  for  the 
later  years  of  a  school  course  or  the  first  year  of  a  college  course,  rather 
than  for  earlier  use." 

In  the  several  subjects  the  order  of  topics  selected  is,  in  general,  to 
present  first  the  phenomena  of  common  experience  and  ready  compre- 
hension. Thus  the  topic  of  accelerated  motion  is  deferred  until  after  me- 
chanics of  fluids,  machines  and  parallelogram  of  forces  are  studied. 

The  problems  are  introduced  immediately  following  the  paragraphs 
covered  by  them.  They  are  devised  to  test  the  physical  principles  con- 
cerned and,  in  the  words  of  the  author,  are  not  loaded  with  "superfluous, 
therefore  exasperating,  arithmetical  drudgery." 

Directions  for  fifty  laboratory  exercises  are  placed  at  the  end  of  the 
book  where  they  occupy  seventy-two  pages.  A  number  of  changes  from 
the  list  found  in  the  Hall  and  Bergen  text  is  noted,  making  it  more  up 
to  date  and  practical. 

The  illustrations  are  good,  being  as  a  rule  simple,  easily  understood 
diagrams.  Two  hundred  and  seventy-nine  of  these  are  in  the  text  while 
sixty-six  illustrate  the  fifty  laboratory  exercises.  Fine  full-page  portraits 
of  celebrated  physicists  are  also  included. 

It  is  a  good,  teachable  book,  and  deserves  to  be  widely  used. 

W.  E.  T. 
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STANDARD  SCIENTMC  COMPANY 

116  West  14th  Street,  New  York 

We  are  a  new  company  just  organized  for  man- 
ufaduring,  selling  and  importing 

SCIENTIFIC  APPARATUS 

[ncluding:  Physical  Apparatus,  General  Laboratory  Sup- 
plies, Microscopes,  Biology  Supplies,  Projection  Apparatus, 
Laboratory  Tables,  Photographic  Lenses,  etc. 

Our  aim  is  to  serve  our  patrons  and  the  cause  of  Science 
teaching,  with  Aandard,  nigh  grade  apparatus  and  supplies, 
which  can  be  relied  upon  for  quality  and  efficiency. 

Send  for  new  general  catalog. 
Newell  D.  Parker,  Pres.  -  Henry  C  Lomb,  Treas. 


MAX  KOHL  A.G.  CHEMNITZ,  GERMANY 

FULLY   PAID-UP   CAPITAL,    IM    I600000. 

Physical  Apparatus 

INDUCTION   COILS 

Oil  Air  Pumps 
Switchboards  for  School  Laboratories 

Projection  Apparatus 

COMPLETE  OUTFITS 

Oratrinic*!    MMfcta*,    with '  donbl*        ...  ^       .  ... 

Ssr«'!£?JS£.'rs2SSJii??^^    for  Laboratories  of  the  very  best  make 

nTolntloni  per  mlnvta 
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Work  and  Play  with  Numbers,  by  George  Wentworth  and  David  Eugene 
Smith.  Pages,  144.  14x19  cm.  Price,  35  cents.  191Z  Ginn  &  Co, 
Boston. 

This  book  presents  the  number  work  for  the  first  and  second  gndes^ 
and  has  been  planned  to  interest  young  children  in  number  relatkns. 
The  many  colored  pictures,  large  type,  and  well-spaced  pages  make  it  a 
attractive  book.  Teachers  in  the  first  grade  should  not  fail  to  examine 
this  little  book.  R  E  C 


The  American  Geographical  Society,  Guide  Book  for  ike  Transcontoh 
ental  Excursion  for  igi2,  by  Professor  W,  M,  Davis.  144  pages  and 
24  figures.    Ginn  and  Company. 

The  American  Geographical  Society  celebrates  the  sixtieth  anniversaiy 
of  its  founding  by  a  Transcontinental  Excursion  from  New  York  to  San 
Francisco.  This  guide  book  was  compiled  by  Professor  W.  M.  Daris 
for  the  use  of  the  members  of  the  Excursion  and  it  has  some  exceHeot 
examples  of  geographic  descriptions  which  will  be  very  useful  to  the 
high  school  teacher.  The  Guide  consists  of  Part  I,  the  Physiograpbic 
Provinces  of  the  United  States ;  Part  II,  the  Daily  Itinerary  of  the  Ex- 
cursion. The  former  gives  a  general  physiographic  description  of  the 
region  and  the  latter  gives  the  details  of  the  region  visited  from  day  to 
day  during  the  trip.  W.  M.  G. 
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The  Test  of  Efficiency 


Spencer  Microscope  No*  66-B 

1 6  m.m.  and  4  m.m.  objectives,  double 

nose-piece,  one  eye-piece,  iris  diaphragm. 

Gnnplete,  in  cabinet,      -     -         $31.50 

Discount  to  schooh. 


Samples  gladly  submitted  for  examination, 
test  and  comparison. 


In  selecting  microscopes  it  is  not 
the  essential  features  only  which 
you  should  exact,  for  all  good 
microscopes  have  them,  but 
rather  the  additional  special  fea- 
tures, the  extra  touches,  the  fine 
attainments,  the  litde  attentions 
here  and  there,  the  features  of 
practical  usabiUty,  features  which 
make  for  convenience  and  com- 
fort in  use  as  well  as  efficiency 
and  durability,  which  should  com- 
mand your  very  serious  consider- 
ation. These  special  features 
and  fine  attainments,  both  opti- 
cally and  mechanically,  are  par" 
amount  in 

Spencer 
Microscopes 

which  accounts  for  the  fact  that 
the  largest  and  best  educational 
institutions  the  country  over  in 
recent  years  have  equipped  with 
them. 

Spencer  Microscope  Stands 

possess  many  original  advanta- 
geous features  which  others  do 
not  have. 

Spencer  Optics  possess  the 

peculiar  qualities  needed  for  crit- 
ical work — sharp  definition — re- 
solving power — very  flat  field. 


T.^^  ^  -^      J  /  -.       ^  Equipment  for  School  Laboratories)     ^^!^ 
I  wo  new  catalogues  \r%i*  }       ON 

^        { uelineascopes )  REQUEST 


Spencer  Lens  Company, 


BUFFALO, 

N.Y. 


uiyiiiiiju  bi 

FImm  mmUon  Scbool  Setano*  ud  M»tt«m»tt<»i  ynan  tatmrntiag  itdT«Ttls«B«iti. 


Hanstein's  Skeleton  Models  and  Goniostat 


ATeachers^Gass-Room 
Device 

in  Practical 
Demonstrationt  of 

Plane   and    Solid    Geometry,   Projection, 

Perepectiye,   Drawing,  Stereometry, 

Stereotomy,  Azonometry  and 

Crystallography. 

««Special  Deslflms  of  Models" 

Send  for  circular. 

THE  CHICAGO  MATHEMATICAL  SUPPLY  HOUSE 

(Formerly  the  Raadolph  Jodm  Wig.  Co.) 
)0}9  Mohawk  SbMt, CHICAiGO,  ILL. 

Back  Numbers  Wanted 

For  copies  in  good  condition  of  the  following  numbers  we  will  pay  25 
cents  in  cash,  or  allow  50c  on  subscription:  Vol  1,  No.  9,  February,  1902; 
Vol.  2,  No.  3,  May,  1902;  Vol.  3,  No.  1,  April,  1903;  Vol.  3,  No.  2,  May, 
1903 ;  Vol.  3,  No.  5,  November,  1903 ;  Vol.  3,  No.  9,  March,  1904;  Vol.  4,  No. 
1,  April,  1904;  Vol.  4,  No.  2,  May,  1904;  Vol.  6,  No.  6,  June,  1906;  Vol.  7, 
No.  7,  November,  1907. 

THE  PUBLISHERS  of  School  Science  and  Mathematics  purpose  to 
•issue  the  magazine  on  the  20th  pf  the  month  preceding  the  date  of 
publication.  Material  to  appear  in  any  number  must  be  in  the  Edi- 
tor's hands  not  later  than  the  first  of  the  second  month  immediately 
preceding.     No  nnmbert  poblithed  for  July,  August  and  September. 

REQUEST. 

It  Is  hoped  that  oar  friends  and  readers  will  try  to  Increase  tiie 
eircalatlon  of  School  ScmroB  ard  I^athsmatios  among  tlieir  frtaDdB 
and  aoQualntances.  Sample  copies  will  ^dly  be  mailed  to  addrsssM 
tarnished. 

Back  numbers  of  School  Science,  School  Mathematics,  and  floHooi. 
SoiKRCB  AND  Matbsmatios  msy  be  had  for  25  cents  a  single  copy.  The 
Mathematical  Supplements  for  16  cents  a  0IV7- 

In  sets  the  prices  are,  postpaid: 

School  Science,  VoL  I,  eight  numbers 18.00 

Vols.  II  and  ni 8450 

**  "         Vol  IV,  three  numbers  .16 

Vols.  V,  VI,  VII,  VIII.  IX,  X  and  XI .-    t» 

School  Mathematics  and  Supplemeati,  VoL  I,  five  numbeis UOO 


FlaM6  BMBtlOB  School  SelMiM  and  ICiUiematlet  wImb 


Digitized  byLjOOQlC 


aasweiliur 


ASSOCIATE  EDITORS. 


L.  D.  AMES  (Mathematics) 

University  of  Missoari,  Columbia 

M.  A.  BIGMiOW  {Biology) 

Teachers  College,  Columbia  University, 

New  York 

N.  HENRY  BLACK  (Physiet) 

Rozbury  Latin  School,  Boston^  Mass. 

EDWARD  BOOTH  (Chemistry) 

University  of  California,  Bezkdey 

HORACE  G.  BYERS  (Ghemiatry) 

University  of  Washington,  Seattle 

A.  P.  CARMAN  (PhyMos) 

University  of  Illinois,  Urbana 

JAMES  F.  CHAMBERLAIN 

(Earth  Science) 
State  Normal  School,  Los  Angeles,  Cal. 

S.  E.  COLEMAN  (Physios) 

Oakland  High  School,  Oakland,  Cal. 

CLARENCE  E.  COMSTOCK 

(Mathematics) 
Bradley  Polytechnic  Institute,  Peoria,  111. 

R.  H.  CORNISH  (Physics) 

Wadleigh  High  School,  New  York  City 

HENRY  CREW  (Physics) 

Northwestern  University,  Evanston,  111. 

R  W.  DAVIS  (Mathematics) 

University  of  Nebraska,  Lincoln,  Neb. 

SAUL  EPSTEEN  (Mathematics) 

University  of  Colorado,  Boulder,  Colorado 

GEORGE  W.  EVANS  (Mathematics) 
Charlestown  High  School,  Boston,  Mass. 

W.  A.  FISKB  (Physics) 

Occidental  College,  Los  Angeles,  Cal. 

MISS   EFFIE  GRAHAM    (Mathematics) 
High  School,  Topeka,  Kan. 

JAMES  W.  GOLDTHWAIT 

(Earth  Science) 
Dartmouth  College,  Hanover,  N.  H. 
P.  E.  GOODELL  (Physics) 

High  School,  Des  Moines,  Iowa 
J.  E.  GOULD  (Mathematics) 

University  of  Washington,  Seattle,  Wash. 
WILLIAM  M.  GREGORY  (Earth  Science) 
Department  of  Geography, 

Normal  School,  Cleveland,  Ohio 
WM.  A.  HEDRICK  (Physics) 

McKinley  Manual  Training  School, 

Washington,  D.  C. 
T.  a  HOPKINS  (Earth  Science) 

Syracuse  University,  Syracuse,  N.  Y. 
O.  G.  KENYON  (Physics) 

High  School,  Syracuse,  N.  Y. 


NICHOLAS  KNIGHT   (Chemistry) 

Cornell  College,  Mount  Vernon,  lowB 

C.  A.  LAISANT  (Mathematics) 

Paris,  France 

A.  J.  MADILL   (Biology) 

High  School,  Fort  Williams,  Ontario 

THOMAS  E.  McKlNNEY  (Mathematics) 
University  of  South  Dakota,  Vermillioa 

C.  D.  MESERVE  (Mathematics) 
Newtonville  High  School,  Newtonville,  Mast. 

G.  A.  MILLER  (Mathematics) 

University  of  Illinois,  Urbana,  ID. 

W.  C.  MORGAN  (Chemistry) 

Reed  College,  Portland,  Ore. 

FRANK  MORLEY    (Mathematics) 
Johns  Hopkins  University,  Baltimore,  Md. 

LOUIS  MURBACH   (Biology) 

Central  High  School,  Detroit,  Mich. 

LYMAN  C.  NEWELL  (Chemistry) 

Boston  University,  Boston,  Man. 

B.  W.  PBET  (Chemistry) 

State  Normal  College,  Ypsilanti,  Mich. 

K  C.  PERISHO  (Earth  Science) 

State  University,  Vermillion,  S.  D. 

E.  J.  RENDTORFF  (Physics)   ' 

Lake  Forest  Academy,  Lake  Forest,  IlL 

D.  C.  RIDGLEY  (Earth  Science) 

Illinois  State  Normal  University, 

Normal,  IDl 
H.  S.  ROBERTSON 

(Mathematics  and  Physics') 
Provincial  Normal  School, 

Stratford,  Ont.,  Can. 
FERNANDO  SANFORD   (Physics) 
Leland  Stanford  University, 

Palo  Alto,  CaL 

B.  P.  SCHOCH    (Chemistry) 

University  of  Texas,  Austin,  Texas 
ARTHUR  SCHULTZB   (Mathematics) 

High  School  of  Commerce,  New  York 
R.  L.  SHORT   (Mathematics) 
West  Technical  High  School,  Cleveland,  O. 
DAVID  EUGENE  SMITH  (Mathematics) 
Teachers  College,  Columbia  University, 

New   York 
JAMES  H.  SMITH  (Earth  Sdenoe) 

Austin  High  School,  Chicago 

E.  N.  TRANSEAU  (Botany) 

State  Normal  School,  CbarleatoOy  HI 

F.  R.  WATSON  (Physics) 

University  of  Illinois,  Urbana 

C.  T.  WRIGHT  (Earth  Sdenoe) 

John  C.  Fremont  High  School,  Oakland,  Ci 
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BH  MICROSCOPE 


General 

Laboratory 

Work 

demands  optical  effi- 
ciency, durable  mechan- 
ical construction  and 
ease  of  manipulation. 
Many  years  of  experi- 
ence in  manufacture  and 
the  kindly  co-operation 
of  educators  have  put 
such  quality  into 

(auscn  |omD 

Microscopes 


One  of  our  most  desirable  models — BH, 
recommends  itself  because  of  the  great  num- 
ber of  them  now  yielding  satisfactory  service 
in  the  laboratories. 

Our  Circular  13A  contains 
full  description  and  specifica- 
tions.   Copy  sent  on  request 

The  superior  gualitp  ofBaaach  &  Lomb  lenaea, 
microscopes,  field  glasses,  projection  apparatus, 
engineering  and  other  scientific  instruments,  is 
the  product  of  nearlg  Sixtg  Years  of  Experience, 

Bausch  ^  Ipmb  Optical  ®. 

new    YOftK  WASHINGTON         CHICACO  •AM  mAMOMO 

wHooM  ROCHESTER.,  NY.  '^'^^r**^^ 


"•^  "nttoa  8«ho.i  M..0.  wd  abtkMutte.  wli»  «MwiS^''^^«lli 


ie 


Winuhunt  Machine,  8  in.  Vulcanite 
Plate*,  each.  $8.90 


1 — r 


Tables  and  Cases  for  the  Laboratorj 
at  lowest  possible  prices 


'OLUMBIA 
lOMPANY 

^iNOlANAPOUft 


JOHN  WILEY  &  SONS 

43-45  East  Nineteenth  Street,  NEW  YORK  CITY 

Undon:    CHAPMAN  &  HALL,  LimitMl 
MontTMJ,  Caaadv    RENOUF  PUBLISHING  CO. 


SIXTH  EDITION,  REVISED  AND  ENLARGED 

Total  Issue,  Sixteen  Thousand 

STRENGTH  OF  MATERIALS 

A  TEXT  BCX)K   FOR   SECONDARY   TECHNICAL  SCHOOLS 

By  MANSFIELD  MERRIMAN 

Member  of  Interaadonal  Aitociation  for  Teidiig  Materials 

In  this  edition  a  new  chapter  on  combined  stresses 

is    added,     numerous    changes    have     been     made 

throughout,   and   many   new   problems   introduced. 

12mo,  Cloth,  54  cuts,  vi  +  169 pages,  $1.00  net. 


Digitized  by  VjOOQIC 


WIRELESS  TELEGRAPH  APPARATUS 

No.  2683  Transmittiiig  and  Receivinfl^  Stmtioiiy 

PEDAGOGICALLY  CORRECT 

and  Typical  oi  Present  Com- 
meraal  Types  in  Efficiency 


c.  H.  stoelung  company 

Scientific  Apparatus  and 
Laboratory  Supplies 

121  North  Green  St.,  <S>  CUcago,  UL,  U.  S.  L 

Catalogue  on  Application. 
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THE 


School  World 


ofUMlianJWwk 


Vic«  6d  matlily    Yearly  V^Ioms  7/6  m  «* 


•THE  •!«  of  "The  Sdiool  Wodd"  » 
*"  to  pfpnde  leachew  with  iaformarioo 
«rf  macticd  md  penmaent  vmloe.  To 
tim  end  all  important  cfauicet  aadde- 
valoments  affecdng  aar  branch  of  edoca- 
lion  art  dealt  with  by  leadint  edncatiopal 
•athoriliet  and  experienced  leacheii. 
^  Each  iMie  ooolaine  Eighty  Cohinae 
ol  Reading  Matter. 

4  The  macuine  is  indj^triwable  lo  aB 
•docaliaoal  workeii  who  dene  10  keep  in 
•ouch  widi  modem  methodi  of  edncatioo. 


LONDON 

MACMILLAN  AND  CO.,  limittd 

MEW  YORK:  THE  HACWLLAN  COMrANT 


mittd   I 


PRBPARBD  MATERIAL  FOR  DISSECTION. 

*  SSf^  "^H^^w*!,"  P'*«®rvf^-    I-iTin?  I^>g8  or  full  three 

*B?.      ,*?^*  """^i  Insecf*  Id  alcohol  a  Bpecialty,     Prestrv  ed • 
.rale   (AstranRla),  Jelly  Fish,   Hydrolds,   Sea  A^[^ne« 


»8  page  catalogue/ Exprt^'*^liri^erabt^r'^  per  cent 
.  RICHAADSON,  ni.M..  Minagar,  3671  McDonMKh  Strwl.  BROOJatV  N.  T. 


chool  Science  &  Mathematics 

Does  all  kmds  of 

rrinting 

-:-  AND  -:- 


Dinding 


hb  Journal  it  a  sample  of  our  printmg. 
We  do  the  best  work  for  the 
least  money. 

ichool  Science  &  Mathematics 

2056Eui72dPl..aieago 


Do  Effective  Work" 
—equipped  wtth    . 

..      WEBSTEI6 

New  iNTERNAnONAL 

I 

Why  not  give  your  pupils  a  like 
opportunity  to  gain  accurate, 
concise,  up-to-date  information 
from  the  highest  source— the 

MERRIAM  WEBSTER  7 

Consider  the  advantages  ftt>m 
using  this  new  creation  which 
answers  with  Unai  authorUy  all 
kinds  of  questions  in  language, 
history,  geography,  fiction,  biog- 
raphy, trades,  arts,  and  sciences. 
.The  New  International  is  more 
than  a  dictionary  in  fact,  it  is  an 
encyclopedia,  equivalent  in 
type  matter  to  a  15-volume  set. 

400,000  Words  Dgfmtd.     2700  Paget. 

0000  niittratigM.  CMt$400,000. 
The  mdy  dictionary  with  theAFIF 
DIVIDED  PAGE,—  characterized 
as  "A  STROKE  OF  GENIUS." 
Effective  work  demands  the  Best 
equipment. 

WRITE  far  Saooeniotu  on  the  use  of  ike 
DUiionar9.-FRER,  Mention  this  Jounal 
•ndwewillindnde  a  eetof  Podc^  Mope. 

G.  &  C.  MERRIAM  CO., 

SPRINQFIKLD,  MASS. 

gpT  nearly  70  yeawpabliahere  of  the 
QBNUINB  WEBSTBB, 

W^M«  at  enee  make  a  leqalanioa  for  tke  nw 


Pltue  mention  Sdiool  Sdenoe  and  Matbematlcg  wlien  antwerlng  advertttementt/OglC 


70-97  nON-CLAD  ELECTRO . MAGNET.  HAH, 

TL-.  r^^L^J^^  l-^«  ri-.J  fe  a  oorrort  inodd  of  the  type  iiaed  in  canmer-jsl 
ine  LamDnOge  irOn-Uaa  work.    Tbe^peclficatioiisafescieDtificaByaai^- 


curately  worked  out,  they  are  proportionately  perfect  The  CiBAridtg  ■■^■t  is  tbe  On  ti 
VCC*  *  stray  magnetic  lines  are  reduced  to  a  minimain,  sinoe  the  ns^mf 

CrriCieilCy  •    force  is  lea  around  the  core  within  the  sh^    The  Denmty  of  Lr 
field  is  the  same,^  in  every  portion  of  iht  iron. 

Special  Circular  No.  108  gives  List  qf  Experiments,    Send  for  it 


PRICEt— Th»  Caiiiae  I 

wiU  hm  wmwA  Exprmm9  Frmmmd  aajrwlMr*  East  of  lib*  1 


IRivvrCartCSt 


Ckrtolof*  Rmady  for  DiUribuiUm 

PhysicB  Cataloff,  New,  Na   93,   iUustrated,   complete,    comreniaiL 
Chemistry  Catalog,  New,  No.  94,  Best  Chemical  Catalog  in  tibe  Tiade, 


Biological    Supplies 


CAMBRIDGE 


r  COMPLETE  i 

\   CATALOG     N».     92    > 

(  EQUIPMENT  ) 
BOTANICAL 

WAVERLEY,  MASS. 


Botanical,  Zodogid 


SUPPLY   CO. 


THIS  AIR  PUMP 

is  alwQQs  in  working  order 


Sent  on  thirty  days'  trial 
to  any  school 

Freight  Prepaid 
Please  write  for  circular 


J.S.HEMENWAY&CO. 

RIVER  FALLS,  WIS. 


■•BtloB  86kooi  8el«Be»  aii4 


HARCOURT  TRIP  SCALE 
A  Dependable  Laboratory  Balance 

with 
Long  Rider  Ann        ImproTed  Method  of  Reading        Hooks  for  Work  in  Hydrottatict 


No.  lS-168 


FEATURES: 


No.  15-168    SoctioniJ  View 

1 .  Center  of  Gravity  properly  Placed. 

2.  Made  of  Cast  Metal  to  stand  rigid  without 
error  under  full  load. 

3.  Knife  Eldges  Held  Rigidly  in  Place  and  Cannot 

Change, 

4.  Improved   Method  of     Reading.      By    reference 

to  the  cuts  it  will  be  noted  that  we  have  adopted 
the  straight  line  indicator  which  eliminates  all 
errors    of  parallax. 

5.  Long  Graduated  Rider  Arm.    We  have  increased 

the  length  of  the  rider  arm  to  give  a  wide,  open 
scale  with  a  range  of  ten  grams  by  tenths  of 
grams. 

6.  Specific  Gravity  Hooks.     Each  platform  post  is 

provided  with  a  hook  for  specific  gravity  work. 

7.  A  Protected  Adjusting  Screw. 
6.  Platforms  Six  Inches  Square. 


No.  32-100  (Fig.  2) 

-\m  HARCOURT  TRIP   SCALE   with  steel 

xarintrs  -  -         ..        -        -  $5.75 

-165  HARCOURT  TRIP  SCALE  with  AGATE 

SEARINGS.    This  scale  has  the  same  excellent 

lualities  as  the  above  and  in  addition   has  six 

jianes  of  agate  of  ample   size  set  in  improved 

igate  holdera.  the  agate  holders  being  act  with 

uch   a   degree  of  nicety  that  we   are  able  to 

[uarantee  that  the  [Janes  will  not  loosen  or  change 

losttion  even  to  I  /  1 ,000  of  an  inch,     -     $6.65 

-100  NICHOLS'  PASCAL'S  VASES,  a  quan- 

itative  demonstration  apparatus  of  large  nze  for 

he  determination  of  laws  governing  upward  and 

Id wn ward  pressure ;   rapidly  demonstrates  also 

bat  pwMUte  upon  a  miHaoe  is  bdepeodent  of 

he  shape  of  the  vessel. 

^.    1   Olustrates  the  method  of  assemUing  u  the  study  of  downward  pressure ;  Fig.  2  iDustiales  how  the  apparatus  is 

or  the  study  of  npwaid  presnire. 

fhe  apparatus  is  substantiaDy  buflt.    It  is  attractively  finished  in  black  enamel  and  nickd  plate. 

ixmplete  apparatus        -        -         -         ..........--•- 

.  E.  KNOTT  APPARATUS  COMPANY,  16  Harcoart  St^  Boston, 

FlaM6  mmtioii  Mliool  SelancT  and  Mmtbematief  wben  tniwexixig  adverttMOMiitf. 


No.  32-100  (Fi«. 


$18.00 

M» 


Examination  Questions  | 

CompSed  from   Recent  CoDege  Entrance  Examinatnos  I 

abpuvUeb.    Priee^OooitoaMli.    La>ml  cfinato.    SwfJe  ' 

KOfff  ImM  linos*    Kjs^ff  lov  1  CMcbcv  tnc  ob  ttdoplKMi  tor  dm  ik. 
AaswOTt  to  ■iiMwrifl  probto—  caa  b«  — p»Bed.    PricM  on  4 


PLANE  GEOMETRY  630  Problems  and  Qoesdans 

SOLID  GEOMETRY  514  Problems  and  Qaestkms 

TRIGONOMETRY  AND  LOGS  530  Problems  and  QuestioBs 

ALGEBRA    Eolarsed  1910  688  Problems  and  Qacstions 

CHEMISTRY  460  Problems  and  Qoestiom 

ae^HYSlCS    RevMedl9l1 655  Problems  and  Qnestkos 

13»000  ALREADY  SOLD 

AddicM.  FRANiCUN  T.  JONES.  Unmifl^  ScbooL  Oefduid.  OUo 


GEOGRAPHY    TEACHERS 

THE  JOURNAL  OF  GEOGRAPHY 

EidUm  Sotmiy  to  At  J  Yon 
Monthly.  Ton   Months.    53  to  48  Pogos.    91.00  o  Yoar 

Yoa  would  like  the  articles  on:  Geographical  Influences  in  the  Development  of  Vsrioof  lapor- 
tant  SUtes;  The  World's  Great  Rivers;  I«aboratory  and  Field  Work:  Geographr  in  GamaajtsA 
the  United  States:  Commercial  and  Industrial  Geography.  The  Present  Unrest  is  Bi^ 
School  Gcoffraphjr;  Reports  of  New  Gov't  Publications  and  New  Books:  Setsof  RevievaadTea 
Questions  and  Map  Bzercises.  Sample  to  teachen  who  are  interested  and  will  meotioo  dis 
maffadne. 

THE   JOURNAL    OF   GCOGRAPHY.    Vnlvorslty   of    Wlooonsln.   MADISON.  WIS 


Die  Zeitscbrift  fur   den   phyelhaUscben 
und  .chemischen  Qnterricht 

Edited  by  Prof.  Dr.  F.  Poska  in  Berlin,  in  collaboration  with  Prof.  Dr. 

Ems  Mack  in  Vienna*  and  eaablished  by  Dr.  B. 

Schwalbe  in  Berlin, 

Is  the  only  European  magazine  which  can  be  called  the  "Centra! 
Organ  "  for  all  progress  in  the  teaching  of  Physics  and  Chemistr>'. 

Apparatuses  and  Experiments  especially  are  described  in  great 
numbers,  for  University  demonstrations  as  well  as  for  laboratory 
practice,  and  for  instruction  in  all  schools,  which  are  limited  to 
experiments  calling  for  simple  equipment.  Practical  hints  and  sug- 
gestions are  a  regular  part  or  the  contents. 

The  magazine  also  contains  articles  about  the  important  news  m 
science  and  in  teaching  as  well  as  about  historic  research  and  tech- 
nology. Every  yearly  series  contains  a  number  of  astronomical 
charts  on  which  the  course  of  the  moving  constellations  for  the 
current  year,  is  represented. 

Yearly  six  handsomely  illustrated  volumes  of  8  sheets  4^  appear. 
The  price  of  a  yearly  subscription  is  12  Mark,  or  post  paid  13  M  S^PP 
for  foreign  countries. 

Sample  copies  sent  free  upon  request. 

JUUUS  SPRINGER,  Publisher  ModiQMpliii  3,  N.,  Bob 


"HOW to  BUY 


AT 


Factory  Prices'' 

Physical  Apparatus,  Chem- 
ical Apparatus  and  Glass- 
ware, Laboratory  Supplies, 
Microscopes  and  Accessories, 
Apparatus  in  Sets,  etc.,  for 
School  Science  Laboratories. 


OUR  1912  CATALOG  TELLS  HOW. 
SEND  FOR  IT.   ITS  FREE. 


Chicago  Apparatus  Co. 

559  West  Qulocy  Street 
CHICAQO,  ILL. 


PRECISION 

Voltmeters  and  Ammeters 


SIEMENS  &  HALSKE  PRECISION  VoitiiKteit  and 
Ammetert.  etc.,  have  a  world-wide  reputabon  for 
accuracy  and  general  high  quality.  They  are  iust  the 
thing  for  school  laboratoiiet  where  high  grade  instru- 
ments are  required,  and  the  "duty  free"  prices  are  very 
attractive.  Catalog  770  has  recently  been  issued.  It  is 
well  illustrated  and  gives  full  details.    Write  for  a  copy. 

JAMES  G.  BIDDLE 

Sole  Asent  for  the  U.  S. 
121M3  Arch  Street       -       PHILADELPHIA 


Plane  Geometry 

By  C.  A.  HART  AND         DANIEL  D.  FELDMAN 

Instructor  in  Mathematics,  WadUigh  High  School,       Head  of  Department  of  Mathematics,  Erasmus 
Neiv  York  City  Hall  High  School,  Brooklyn 

CLOTH.    I2MO,   303   PAGES 
PRICE,  80  CENTS 

SOME  OF  THE  LEADING  FEATURES: 


The  student  is  rapidly  initiated  into  the  subject 

The  selection  ana  arrangement  of  theorems  is  such 
as  to  meet  tlie  general  demand  of  teachers,  as 
expressed  through  the  Mathematicai  Associa- 
tions of  the  country. 

Most  of  the  proofs-are  given  in  full 

The  indirect  method  of  proof  is  consistently  applied. 

The  definitions  of  plane  closed  figures  are  unique. 

The  numerical  treatment  of  magnitudes  is  explicit, 
the  fundamental  principles  being  definitely  as- 
sumed. 

The  exercises  are  carefully  selected. 

The  area  of  a  rectangle  is  Uitroduced  by  actually 
measuring  it«  thereby  obtaining  its  measure- 
number. 


Proofs  of  the  superposition  theorems  and  the  con- 
current line  theorems  Mdll  be  found  exceptionally 
accurate  and  complete. 

The  many  historical  notes  are  such  as  will  add  life 
and  interest  to  the  work. 

Carefully  arranged  summaries. 

Argument  and  reasons  are  arranged  in  parallel 
form. 

Every  construction  figure  contains  all  necessary 
construction  lines. 

The  mechanical  arranitement  is  such  as  to  give  the 
student  every  possible  aid  in  comprehending 
the  subject  matter. 


CORRESPONDENCE  SOUCiTED 

cf i^    AMERICAN  BOOK  COMPANY 

Chicago 

1104  S.  Wabaak  Ave^  Chicago 


Teachers  College  Mathematical  Pubucatioms 

TEACHING  OF  ARITHMETIC 

By  Piroj€98cr  David  Eugene  Smith,  LL,  D, 

Reprint  of  Vol.  x.  No.  1,  of  the  Teachers  College  Record,  Janoarj,  1909.     190  (ages. 

Price,  cloth  bound,  75  cents;  paper  bound,  SO  cents. 

ARITHMETICAL  ABILITIES  AND  SOME  FACTORS 

DETERMINING  THEM 

By  ClifWinfield  Stime,  PK  D. 

Pubtished  as  No.  19  of  the  Teachers  College  Contributions  to  Education,  June,  1908. 

Cloth  bound,  101  pages..  Price,  ll.OO  postpaid. 

A  HISTORY  OF  SIXTEENTH  CENTURY  ARITHMETIC 

By  Lambert  L.  Jackson,  Ph,  D. 

Published  as  No.  8  of  the  Teachers  College  Contributions  to  Education,  190&     Oath 

bound,  961  pages.     Price,  |9.00  postpaid. 

HISTORY  OF  TEACHING  OF  ELEMENTARY  GEOMETRY 

By  Alva  Walker  Stamper,  Ph.  D. 
Pid>U*bed  M  No.  93  of  the  Teachers  College  Contributions  to  Education.  1909.    Oatb 
bound,  163  pages.    Price,  tl.fiO  postpaid.    Paper,  $1.1  j. 

Addreet  all  orders  and  requeetejor  eirculara  to 

Bureau  of  Publications 

Teachers  College,   -     -    Columbia  Univerrity 
525  Wert  120tfa  Street  .        -        New  Yoric  Oty 


The  Nature-Study 
Review 

is  a  monthly  journal  devoted  to  all  scientific  studies  of 
Nature  in  Elementary  Schools.     The  articles 
stimulate  interest,  afford  subject  mat- 
ter to  grade  teachers,  and 
discuss  Nature  in- 
struction. 


Send  for  Free  Sample  Copy 


THE  NATURE-STUDT  REVIEW,  v«ftnky  ui  Ckkn^  ScM  ei 

Chiemga,        ...        lUinoU. 
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SCHOOL  SCIENCE 
and  MATHEMATICS 

Co'Oerji  ihe  Earth 

Here  is  the  list  of  countries  to  which  it 
goes  eoLch  month: 

Hvery  State  in  the  United  States,  every  Province  in  Canada. 
Mexico,  Cuba,  Porto  Rico,  Brazil,  Argentine,  Chile,  Peru, 
Ecuador.  Every  country  in  Europe,  including  Turkey.  Egypt, 
Liberia,  Cape  Colony,  The  Transvaal,  Persia,  Ceylon,  India, 
China,  Korea,  Japan,  Philippines,  New  Zealand,  Australia,  and 
Hawaii.  q^^  your  Friends  to  Subscribe  nofou. 


He  foDowkf  Htftial  contcBtf  of  SCHOOL  SCIENCE  AND  MATHEMATICS  for  April  omI  May*  1912, 

fiTOS  «M  an  idoo  of  tko  duractcr  of  tke  papers,  witli  tke  aatkort  aad  tke  iattitatioBS  with 

which  tho  aothort  are  cooMcted,  which  we  arc  pvhlishiaf  each  Booth: 

APRIL. 

Forestry  in  Geography — Edwin  R.  Jackson. 
Pupil  Efficiency-'DT,  Wm.  A.  Evans. 

How  to  Make  Botany  Interesting  to  Boys  and  Girls  Reared  in  a  City, — ^A.  F.  Ewers. 
The  Correlation  of  High  School  Chemistry  and  Daily  Life — ^John  C.  Hessler. 
The  Perry  Idea  in  the  Mathematical  Curriculum— ]os.  V.  Collins. 
J' Accuse:  Geometry  Teachers—A.  Latham  Baker. 

The  Application  of  Mathematics  to  Problems  of  the  Shop — K.  G.  Smith. 
Some  Effects  of  Civic  Biology  in  the  Home — Jean  Dawson. 

The  Use  to  be  Made  of  the  Orthoptera  in  Beginning  Courses  in  Zoology  the  Se- 
quence of  the  Course — F.  B.  Isely. 
The  Opportunity  Now  Before  Teachers  of  Physics— J.  M.  Jameson. 

MAY. 

The  Opportunity  of  the  Teacher  in  the  Class  Room — George  D.  Olds. 

Text-book  English— C,  M.  Wirick. 

An  Apparatus  for  Both  Boyle's  and  Charleys  Law — C.  E.  Linebarger. 

A  Convenient  Gasometer — N.  F.  Smith. 

A  General  Science  Course  of  Elementary  Physics  and  Mathematics  Combined — 
J.  C.  Gray. 

inspection  of  Chemical  Industries  by  Students  in  the  Secondary  School — C.  A. 
Vallance. 

What  Shall  the  Second  Term's  Work  in  High  School  Geography  Bef—R.  H. 
Whitbeck. 

The  Test  of  Efficiency  in  Teaching  Physics— W.  C.  Bagley. 

Efficiency  in  Geometry  Teaching — Byron  Cosby. 

How  Plot  Work  May  Be  Made  of  Most  ^alue  to  the  Classes— K  B.  Collett. 

Problem  Department— 'E.  L.  Brown. 

Science  Questions — Franklin  T.  Jones. 

Physics  Suggestions— W.  E.  Wing. 

A  Chart  for  Physics— ]ohn  Zimmerman. 

Rewards  for  Discovery  of  Undisturbed  Nestings  of  Passenger  Pigeons  are  Re- 
newed, 


Send  in  Your  Subscription.  ^  S2.00  per  Year. 
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SPECIAL  BOOK  \ 

PREMIUM  OFFER 


For  a  limited  time  we  will  send  "School  Science  and  Mathe- 
matics*' for  one  year,  and  any  of  the  following  books,  postpaid,  to  any 
address  in  the  United  States  or  Mexico,  for  T>VO  DOLLARS,  Caoa- 
dian  postage  25  cents  extra.  As  the  supply  of  some  is  quite  limited, 
tear  off  the  coupon  and  write  at  once.  If  personal  check  is  sent  add  10 
cents  for  exchange. 


I.     Culture  CourM  In  Mathematics. 

By  T.  M.  Blakslee,  Professor  of  Mathematics  in  the  Iowa  State  Agricaltnnl  CoQege; 
Price,  25  cents. 

A  series  of  lectures  covering  a  year's  coarse  in  Freshman  Mathematics.  It  corre- 
lates the  various  branches  of  college  mathematics  into  one  coarse.  A  few  extracts  hare 
been  published  in  recent  numbers  of  School  Science  and  Mathbm atics. 

a.    Reprints  from  «<School  Science  and  Mathematics.*' 

These  include  the  following:  **The  Ostwald  Table  for  Finding  a  in  Wheatstooe 
Bridge  Work;"  **Home  Made  Storage  Battery,"  by  H.  R.  Brash;  "Tropical  FraitB,"  by 
Mel  T.  Cook,  price,  25  cents;  "Experiments  for  Detecting  Food  Adalteratious.'*  by  G. 
H.  Trafton.  These  can  be  obtained  separately  for  30  cents  a  dozen.  "Reprints  of  the 
Cuts  of  the  Moon,"  mounted  on  fine  paper  with  descriptive  matter.  These  cats  ap- 
peared in  the  January  and  February,  1906,  numbers  of  School  Science  and  Mathe- 
matics, also  for  sale,  price,  10  cents  a  set  of  7  plates. 

3.  School  Mathematics. 

Only  two  numbers  were  issued.  They  are  exceedingly  valuable.  In  connection 
with  the  Mathematical  Supplements  they  were  used  last  year  as  a  text-book  in  a  course 
on  Pedagogy  of  Mathematics  in  the  summer  school  of  one  of  the  largest  universities  in 
the  country.    Price,  50  cents. 

4.  riathematlcal  Supplements  to  ««School  Science  and  Mathematics." 

Three  numbers  were  issued.    Price,  50  cents. 


Tear  off  this  Coupon  and  send  it  with  Two  DoUan  to  "School  Science  and  Ifatheniatica,**  kqb  Eait  Tied 
Place,  Chicago,  111. 

In  accordance  with  your  Special  Offer,  I  inclose  Two  Dollars,  for  which  send  me 

your  magazine  for  one  year  and  the  book  offer  numbered lO-ll 


Name  _ 


City  and  State_ 


GERMAN  INSTRUMENTS 
IN  CASES 


Of  German  Silver  and  Steel  Points. 


Containing:     Ruling  Pen,  6}^  in.,  spring  blade. 

'*  Steel  Spring  Bow  Dividers,  SX  in.,  metal  handle. 

M     Pencil,      3X  " 
"  ••        ••         "     Pen,  3X  •'        "  " 

"  1  pr.  Plain  Dividers,  6  in. 

*'              1  *'    Compasses,  6  in.,  with  fixed  needle  point, 
pen,  pencil  point  and  lengthening  bar. 
Box  with  leads. 
Per  set, 


$6.50* 


By  special  arrangement  with  one  of  the  largest  dealers  in  the  country 
we  are  enabled  to  make  the  following  offers  to  our  readers. 

We  will  send,  prepaid,  one  set  of  these  instruments  with  one  subscription 
to  School  Science  and  Mathematics  for  $5.00. 

To  any  one  who  will  send  us  S  new  subscribers  at  regular  rates  before 
February  I,  1913,  we  will  g^ve  as  a  premium  one  set  of  these  instruments. 


SCHOOLSCIENCEandMATHEMATICS 

2059  Ea-st  yaND  Place*  Chicago,  III. 
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THE  FISK  TEACHERS'  AGENCY 

SUITE   8U-823,  28  B.  JACKSON  BLVD.,  CHICAOO 

OVER  36.000  POSITIONS  PILLED  TWENTY-NINTH  YEAfr 

Wc  arc  vlwars  in  search  of  well  equipped  mathematics  and  science  teachers.  We  are  now  seekm;  tex'-r^ 
for  emergency  vacancies  and  for  next  year.    Write  us  if  available  at  the  present  time  or  in  tbe  f all  csf ::-_ 

OTHER   OFFICES:    Boston.    New   York.    Washingrton,   Denver.    Portland.    Berkeleir.   Los  hi^f^c 

Circular  and  Membership  Form  SetU  on  Applicaiiom 


TheQark 
Teachers'  Agency 


CHICAGO  -  STEINWAT  HALL  -  B.  F.  CURK.  Pm. 

UICOUI.  KU..  FIflST  MT'L  IMK  MM. 


a 


is  what  one  teacher  said  of  oui  Mrrice.  Trr  c 
voursrlf.  Inquire  of  any  ofice  about  oppoctur  .^ 
for  next  Fall.  Teachen  who  cootempole  cce j* 
to  Chicago  for  the  N.  El.  A.  are  invited  to  bk  «c 
office  to  receive  theff  mail  aiKi  meet  their  fneads.  etc 


Teachers  Wanted 

We  are  in  need  of  hundreds  of  teachers  for  emergency  caDs,  for  evciy  dqpaitmefit  o: 
school  work,  throughout  the  entire  West.     Write  us  at  once. 

THE  ROCKY  MOUNTAIN  TEACHERS'  AGENCY 

328  Empire  Udfi^  Denver.  CoL  HVM.  RUFFEK.  AJL. 


Science  and  Mathematics  Teachers 

SEND  ISO  IN  STAMPS  POR  THK 

Easter  Number  of  tbe  hdnstrial  Nomal  Exponeit 

rr  CONTAINS  A  veirr  simple 

PERPETUAL  MOON  CALENDAR 
PERPETUAL  EASTER  CALENDAR 
and  a  UNIVERSAL  CALENDAR 

GIVING  EVERY  PULL  MONTH  CALENOAR  PROM  4«  B.  C.  TO  40CC  A  D. 

Address:  MGR.  EXPONENT AUtdcea,  S.  D. 


BOOKS  ON  CHEMISTRY 

by  Wilhelm  Segerblom,  A.  B.,  Instructor  in  Chemistry  at  The  PhiDms  Exeter  Academy 

Exeter.  N.  H. 


TABLES  OF  PROPERTIES  of  over  fifteen  hundred  common  inorganic  wbfltaiicei.     An  indiapes^ 

ble  reference  book  for  chemists,  manufacturers,  and  science  teachcn.     Gives  common  nnmes,  ^{leicH-a; 

and  physical  properties,  and  solubilities  of  common  chemicals.     8vo,  x  +  144  pages.     Qodi.    $3.1" 

(prepaid). 
FIRST  YEAR  CHEMISTRY,  a  text  in  elementary  chemistry  for  secondary  schook     Embocfie  tff 

latest  and  best  thought  relating  to  the  presentation  of  chemistry  to  students.     l2mo,  xxr  -\-  410  p«|^ 

Cloth.     $1.50  (prepaid). 
Complimentary  copies  are  not  sriven,   bat  specimea  pages  of  either  book  ara  teal  Iraa  osi  re^nt 


EXETER  BOOK  PUBLISHING  COMPANY 


EXETER,  NEW  HAMPSHIRE 


Pleaae  mention  Sdiool  Sciene«  and  Matbematici 


^»        Dipitiz.edbyyjOQQle 


JVefce;  and  Modern  ScoAjs 

Salisbury^  Barrows  and  Tower's 

Elements  of  Geography 

Br  ROLUN  D.  SAUSBURY,  HARLAN  H.  BARROWS 
and  WALTER  S.  TOWER,  of  the  Department  of 
Geogmphy,  Uniyertity  of  Chicago.  (American  Science 
Series).      616  pp.     7  Maps  in  Color.     12  mo.    $1.50 

J.  C.  BRANNER,  Stanford  University ;^\!i  is  a  remarkably  wcU  written,  well 
arranged,  and  well  iUuttrated  book,  and  it  (airly  buridng  with  information  of  tbe  most  trust- 
worthy load,  and  references  to  the  best  books  and  papers  on  special  topics. 

JOUIWAL  OF  GEOGRAPHY— Much  economic  geography  is  mtroduced,  dealins 
with  soils,  minerals,  water-powers,  harbors,  and  the  distribution  of  population,  industries  and 
cities.  The  chapters  on  The  Use  and  EV>blems  of  Inland  Waters,  on  Mountains  and  Life, 
and  Life  in  PUins,  are  the  kind  of  stuff  that  makes  the  red  blood  of  geography.  Sets  of  ques« 
tions,  not  based  upon  the  text  but  calling  for  thought,  are  placed  at  the  end  of  each  chapter. 

They  are  good  and  ought  to  be  used The  book  might  be  summarized  as  treating  of  the 

principles  of  geo^^aphy  with  particular  application  to  the  United  States.  Books  of  wis  tjrpe 
will  put  new  mt  into  a  study  that  has  been  losing  ground  in  the  secondary  schools.  A  new 
epocn  in  American  school  geography  is  beginning  and  thu  book  will  be  one  that  will  mold  our 
new  courses. 

Hall's  Elements  of  Physics 

By  EDWIN  H.  HALL,  Professor  in  Harvard  CoUege. 
576  pp.  12mo.  $1.25.  SUGGESTIONS  FOR  TEACH- 
ERS.    86  pp.    Issued  separately. 

This  is  not  m  effect  a  revision  of  an  earlier  book,  but  a  new  and  different  book,  attractive 
in  substance  and  style.  In  spirit  and  method  it  is  distincdy  modem — not  merely  up-to-date  in 
its  facts.  The  student  is  led  to  see  that  physic  is  vital,  and  is  encouraged  to  apply  its  principles 
in  his  own  experience.  The  questions  and  problems  are  devised  to  keep  these  principles  in  the 
foreground  and  avoid  supeifluous  drudgery  in  arithmetic  The  fifty  laboratory  exercises  (includ- 
ing fow  new  to  the  Harvard  List)  are  placed  by  themselves  m  the  back  of  the  book. 

Atkinson's  Botany  for  High  Schools  Edidon 

By  GEORGE  F.  ATKINSON,  Professor  in  ComeU  Uni- 
▼ersity.     544  pp.     12mo.    $1.25. 

ARTHUR  W.  hARTGt].  Lincoln  Hizh  School,  Seattle,  Washington.—Xi'i^ 
a  splendid  book.  The  explanations  are  clear,  the  illustrations  illustrate,  while  the  glossary  at 
the  end  of  the  book  helps  to  make  it  well-nigh  a  perfect  elementary  text-book  of  botany. 

JAMES  E.  GOW,  Coe  College,  Iowa: — I  have  many  applications  from  high  school 
teachers  for  recommendations  of  a  good  text,  and  after  having  carefully  looked  over  the 
Atkinson  Botany,  I  shall  unhesitatingly  recommend  it  as  probably  the  best  general  course  of 
the  sort  for  the  average  high  school 

MARY  F.  BARRETT,  Montclair,  (N.  J,)  State  Nortnal  School:-A  think 
this  edition  a  decided  improvement  over  the  first  and  consider  the  book  as  it  now  stands  the 
best  high  school  text-book  in  the  subject  at  the  present  time. 

HENRY  HOLT  AND  COMPANY 

34  West  33d  Street  623  So.  Wabash  Avenoe 

NEW  YORK  CHICAGO 


PlssM  nmtton  SduMl  Sclsaes  and  Matfasmatlcs  irbsn  aaswexlng  adTsrtissnients. 


New  Experiments  in  Conduction 
and  Radiation  of  Heat 


No.  1550  A 


1550A.  G>ndllCtOmeter.  ferem  me^  are 
coated  with  a  special  paint  and  when  steam  is  passed 
dirou^  the  pipe  through  the  inlet  and  outlet  tubes  at  either 
end  die  progress  of  tiie  heat  conduction  is  shown  in  a  very 
striking  manner  by  a  change  of  color  which  the  paint  un- 
dergoes when  heated.    Complete  with  support  as  illustrated 

Net  $3.60 

1550B.  Heat  hdicatmg  Paper. 

A  specially  prQ>ared  paper  which  changes  cdor  when 
heated.  It  may  be  used  over  and  over  again,  since  it  almost  imme<fiately  recovers 
its  sensitiveness  after  use.  The  foDowing  are  a  few  of  the  experiments  in  which  it 
may  be  used: 

1 .  Temperature  gradient  of  a  wire  heated  at  one  end. 

2.  Relative  conductivities  of  both  metallic  and  non-metaDic  substances. 

3.  Relative  conductivity  of  wood  along  and  across  die  grain. 

4.  To  show  that  radiant  heat  travels  in  straight  lines. 

3.    To  show  that  radiant  heat  may  be  reflected  and  focused. 
6.     To  determine  absorptive  powers  of  various  substances. 

Full  directions  for  usmg  dus  paper  are  given  in  pamphlet  No.  1 550C, 
the  purchase  of  which  is  recommended. 

Sheets  I  \x3/4  inches,  each  net  1 5c  per  dozen    .    .    Net  $1.50 

1550C  ^'Heat  Shadows/'  many    experiments    for 
the  use  of  No.  I550B  Heat  Indicating  Paper    .    .    Net  $035 


HEAT  OF  COMBUSTION 

1  /vAO      T       1  /^   1      •        «  Mann*s    modifi<.^tion. 

1603.  Junker  Calorimeter,  h  tiu.  .ppuatu.  the 

I      heat  of  combustion  of  a  gas  is  found  by  the  change  in  temperature 
^  in  a  known  mass  of  water  which  passes  thro'  the  calorimeter  while 
No.  1603       ^  gj^^^  quantity  of  the  gas  is  being  burned.     Gxnplete  with  tripod 
support,  but  without  gas  meter  or  thermometers Net  $9.00 


CENTRAL  SCIENTinC  COMPANY 

345  to  359  West  Micfaigui  St^ 
CHICAGO 


FleaM  meotloii  School  SdonM  and  ICfttliMUittcs  vim  answering 
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